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1.0 Introduction

PAN AIR is a system of computer programs for the detailed analysis and
the non-iterative design of arbitrary configurations in steady, inviscid,
subsonic and supersonic flows. PAN AIR uses a higher order panel method for
the numerical solution of the appropriate linearized potential flow
equations. The configuration surface is approximated by a set of panels on
which unknown source and doublet singularity distributions are defined. By
imposing boundary conditions at a discrete set of points, the integral
equation solution to the partial differential equation is reduced to a system
of linear algebraic equations relating the unknown singularity strengths.
These equations are solved for the singularity strengths which in turn
determine the properties of the flow field.

PAN AIR is called a higher order panel method because the singularity
distributions are generally not constant on each panel. This property enables
the doublet strength to be made continuous, a feature which is critically
important for obtaining numerically stable solutions in supersonic flow. The
method allows the analysis of flow about arbitrary configurations, reduces the
sensitivity of the solution to the details of the panel layout, and aiso
allows for higher efficiency in the analysis and solution procedures.

This document is the User's Manual for the PAN AIR Version 3.0 software
system. It contains detailed information on how to use the system. Other
documents describe the technical aspects of the system. The PAN AIR Summary
Document describes the scope and capabilities of the program system. The PAN
AIR Theory Document contains a complete description of the theory and the
solution procedures used in the program. The PAN AIR Maintenance Document
describes the program structure and internal workings. The PAN AIR Case
Manual contains a collection of flow problems solved by the program. The
User's Manual and the Case Manual together will enable users to learn how to
apply PAN AIR to commonly-encountered flow problems.

Section 2 of this document is a general description of the capabilities
of PAN AIR, including both the engineering and software features. Section 3
is a beginner's guide which describes the application of PAN AIR to the most
common aercdynamic analysis problem that users will encounter (flow past an
impermeable "thick" object). This section serves as an introduction to the
system, showing the user an application to an uncomplicated probiem without
concern for the generality of the system. Section 4 describes the PAN AIR
system architecture and the individual technical modules. Section 5 describes
the use of the program system (control cards, execution procedures, data
bases, resource requirements, and modes of execution). Section & describes
the use of the module execution control (MEC) "directives". Section 7 is a
complete description of the engineering input data which specifies the
aerodynamic prcblem to be sclved. Section 8 describes the output data
produced by PAN AIR.

Associated information is given in the appendices. Appendix A is a
description of the boundary value problems that PAN AIR is designed to solve,
including examples of well-posed and il1-posed problems. Appendix B is an
extended description of configuration and flow-modeling in PAN AIR. Appendix
C is a description of how to use the PAN AIR software in solving very large
problems. Appendix D is a summary of the engineering input data formats.
Appendix E discusses the computation of added mass coefficients and appendix F
is application errata for version 3.0.
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Version 3.0 of PAN AIR differs from previous versions in several
respects. Those differences of importance to users have been incorporated

into this manual.

The three major changes are: strict limitation to version

3.0, the new FDP module that calculates streamlines and offbody points and
nine new standard boundary conditions. More specific changes are summarized

below by section.

Section 1

Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

Section 8

Section 10

Section 12

Appendix B

Appendix C

Appendix E

Appendix F

The introduction now applies only to version 3.0. The CRAY
execution procedures {PAPROCS) are emphasized and the FDP
module is included.

The FDP module capabilities have been added and standard
system execution is illustrated using PAPRCCS.

PAPROCS are now used to solve the example problem,
References to the FDP module and the new standard boundary
conditions have been added for completeness.

System execution is now strictly by PAPROCS and a
description of the FDP module was added. The system flow
diagrams were modified to reflect PAPROCS and the FDP
module.

System usage is strictly limited to version 3.0. Execution
directives for the FDP module and for use of the CRAY
Solid-state Storage Device (SSD) have been added.

The MEC module input data has been reduced to only those
directives required and/or supported by version 3.0.

Inputs for the FDP module and the new standard boundary
conditions have been added.

A description of the FDP output has been added and the
figures containing PAN AIR output have been replaced with
version 3.0 output.

This glossary is now strictly version 3.0 with the addition
of some CRAY terms and the deletion of all CDC terms.

The CRAY Operating System Manual was added as a reference
and the PAN AIR Theory and Maintenance Documents were
updated to version 3.0.

Descriptions of the new standard boundary conditions and a
new section on streamlines and offbody points have been
added.

This section was rewritten to apply strictly to version 3.0
on a CRAY system.

A small number of changes were made to cover PAPROCS and
the FDP module.

This new appendix contains errata.
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In addition, many small changes were made to correct typographical and
technical errors, and to clarify and elaborate on some explanations.
Qutstanding eratta was incorporated and cross references to the Theory and
Maintenance Documents were updated.

1.1 Capabilities

PAN AIR includes the capabilities for both analysis and non-iterative
design. The analysis capability has two parts. The first is a calculation of
the pressure coefficients and velocity components at any point on the
configuration surface or in the flow field. The second part is the
calculation of the force and moment coefficients acting on portions or on the
entire configuration by integration of the surface pressure and mass flux
contributions. The non-iterative design capability includes the analysis of
the flow field resulting from a given configuration with a specified pressure
coefficient or surface velocity distribution to obtain information for
redesign of the surface 1o obtain the desired properties.

The capabilities of Version 3.0 PAN AIR can be applied to the solution
of a variety of fluid flow problems. Specific capability features include the
ability to:

1. analyze completely arbitrary configurations in subsonic flow and nearly
arbitrary configurations in supersonic flow,

2. analyze either unsymmetric configurations or configurations with one or
two planes of symmetry,

3. analyze configurations in either unsymmetric or symmetric flight
conditions, including ground effect conditions,

4. analyze or design both geometrically thick configurations and thin
configurations, such as a camber surface representation of a thin wing,

5. analyze configurations either (in an exact sense) with boundary
conditions applied on the configuration surface or (in a linearized
sense) with appropriate boundary conditions applied to an approximation
to the configuration surface,

6. analyze control surface deflections either (in an exact sense) by
geometric deflection of the appropriate networks or (in a linearized
sense) by imposing suitable boundary conditions on an approximation to
the deflected control surface,

7. design the location of surfaces, including wakes, by the non-iterative
design capability,

8. superimpose incremental velocity components onto the freestream either
in a global sense, for example, additional velocity components to
simulate a finite roll rate, or on a local basis, for example, to
simulate different angles of attack for different networks or to
simulate the effects of a slipstream or line vortex,
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o, calculate pressure coefficients and force and moment coefficients by
several pressure coefficient formulas (isentropic, linearized,
second-order, reduced second-order and slender body),

10. calculate velocity components and pressure coefficinonts both at
standard points and at user-designated arbitrary points on the
configuration surface,

11, calculate the force and moment coefficients on individual panels,
columns of panels, and networks, with the options of using
user-specified reference dimensions and moment axes of either
individual networks or the total configuration,

12. include or exclude the force and moment contributions of individual
networks in the calculation of the force and moment coefficients of the
total configuration,

13. calculate force and moment coefficients in the reference axis system
(of the user-specified configuration), in the stability axis system, in
the wind axis system, and in a user-specified body axis system,

14, calculate leading and side edge forces, and moments due to singularity
of the leading and side edge force distributions for thin
configurations, and to include these calculations in the total
configuration force and moment coefficients,

15. calculate added mass coefficients of bodies in noncirculatory flow,
with options similar to those for standard force and moment
coefficients, and

16. calculate fluid properties in the flow field at user-designated points
and along streamlines.

1.2 Summary
1.2.1 Functions Performed

The PAN AIR system is comprised of separate modules which were
developed using an advanced software development approach called Systematic
Software Development Methodology. This method emphasizes modular, structured
software design. Thus the programs can be easily modified because changes in
one module affect the other modules in a clearly identifiable manner. The
execution of the PAN AIR system is d°~~cted by a library of CRAY procedures.
PAN AIR also includes features which improve the useability, maintainability
and reliability of the program system relative to earlier versions of the panel
technology, that is, the PAN AIR pilot code of references 1,1, 1.2 and 1.3,

Each PAN AIR module performs specific portions of the solution to a

posed problem. (The PAN AIR CRAY procedures direct the modules.) A summary
of their tasks is given as follows:
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SDMS

PAPROCS

MEC

DIP

DQG

MAG

RMS

RHS

MDG

PDP

FDP

CDP

PPP

Scientific Data Management System - allows definition of the
various data bases used by the moduies, and performs nearly
all data transfers between core and disk.

PAN AIR Procedures - generates the control card stream which
will execute the required modules in the proper order

Module Execution Control - defines both the type of run and
the database locational information for the subsequent modules

Data Input Processor - processes the engineering input data
required by all the modules except MEC

Defining Quantities Generator - transforms the input data of
DIP into a useable form for the other modules

Matrix Generator - creates the aerodynamic influence
coefficients in matrix form (that is, the coefficients of the
Tinear system)

Real Matrix Solver - performs the triangular decomposition of
the aerodynamic influence coefficient matrix so that
forward-backward substitution may be used to solve the linear
system of equations

Right Hand Side - generates the right hand side constraints
(for example, multiple angies of attack) of the linear system
and performs the forward-backward substitution to obtain the
unknown singularities

Minimal Data Generator - constructs a data base containing a
minimal set of geometry, influence coefficient and
singularity data at control point and panel grid point
locations for use by the downstream post-processing programs
(PDP, FDP and CDP)

Point Data Processor - computes potential, velocity and
pressure coefficient data at panel control and grid points
and at user-specified arbitrary points on the configuration
surface

Field Data Processor - computes fluid properties in the flow
field at user-designated points and along streamlines

Configuration Data Processor - computes force and moment
coefficient data on the configuration and wake surfaces

Print Plot Processor - prepares 2 file of user requested data

from DQG, PDP and CDP data bases in preparation for printing
or for plotting by user supplied plotting routines
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1.2.2 General Functional Flow

The PAN AIR software system determines the program modules execution
sequence from the user defined input. The most common sequences for standard
PAN AIR problems are depicted in figure 1.1. Other sequences are possible and
can be easily constructed by the user with the PAN AIR procedures (PAPROCS)
described in section 5. As the modules are executed, certain data bases are
generated automatically but are later purged unless the user intervenes. It
is the user's responsibility to save data bases needed for future runs by
using the proper PAPROCS procedures and options.

1.2.3 Hardware Configuration

PAN AIR Version 3.0 is designed to run on the CRAY 1S, 1M and X-MP
computers under the COS 1.14 operating system. It requires one million
decimal words of central memory. The system is designed to run in a batch
environment because of a potentially large demand of computer resources such
as CPU time and disk storage.

1.2.4 Program Configuration

PAN AIR Version 3.0 consists of a total of eleven program modules, a
library of CRAY procedures, a library of specialized and frequently used
subroutines, and the Scientific Data Management System (SDMS).

PAN AIR was designed using SSDM (Systematic Software Development and
Maintenance) techniques which are intended to insure maintainability and
reliability of large software systems. It is written in CFT (CRAY Fortran)
with imbedded design code comments following structured programming
techniques. A few subroutines in the PAN AIR Tibrary and the SDMS are written
in the CRAY Assembly Language (CAL).

A1l but one of the PAN AIR modules (FDP) generates a permanent SDMS data
base for use by subsequent module(s). The execution control of the system is
directed by the user through the PAN AIR procedures (PAPROCS) on the CRAY (see
section 5). The problem definition of a PAN AIR run, the associated user
directives and data are processed by the DIP (Data Input Processor) module and
stored in the DIP data base for use by other, subsequent PAN AIR modules. The
program limits (for example, the maximum number of networks) are 1isted in
section 7.1.2.7.

The authors wish to acknowledge that portions of this report were prepared
by Larry L. Erickson, NASA-Ames Research Center. The authors also wish to
thank Paul E. Rubbert for his assistance in preparing the report, Kathy
Christianson and Renee Neuman for their efforts in typing this document, and
Gerard Bass, Sally Chapin and John Klansnic for drawing the figures.
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2.0 PAN AIR Capabilities

PAN AIR offers a comprehensive aerodynamic analysis and design
capability for nearly arbitrary configurations in subsonic and supersonic
flows. The complexity of the problem formulation is determined by the user to
suit his particular needs in terms of accuracy and resolution versus computing
and manpower costs. The system can be applied to preliminary design problems,
involving linearized modeling approximations for simple configurations. It
can also be used in an “"analytical wind tunnel" sense to determine detailed
flow characteristics and the forces and moments about complex configurations.

PAN AIR is designed to permit efficient processing of configurations
whose geometry differs locally from one already analyzed. Examples of this
application are problems involving multiple control surface deflections and
various store locations. Multiple flow cases involving, for example, several
angles of attack or sideslip, or several inlet flow rates can be handled in
one computer run.

PAN AIR is also designed to allow post-processing (data access, manipu-
lation and display) to be performed independently of the initial data creation
run: a minimal data set, generated as a result of the boundary value problem
solution, is subsequently accessed and manipulated to produce output for
multiple sets of user options. This process can be repeated several times.
Data thus produced can be placed both on the PAN AIR data base and on standard
format plot files for subsequent plotting with user-supplied routines.

The PAN AIR system is capable of solving boundary value problems of the
type governed by Laplace's equation:

1]
o

¢xx v ¢yy ' ¢zz

or the wave equation:

Pex ~ ¢yy -8, " 0

or extensions characterized by the three-dimensional Prandtl-Glauert equation:

(1-M2) g+ 8+ 8, =0

It is therefore suitable for the solution of problems involving nearly
arbitrary configurations in subsonic or supersonic flows.

Limitations to the applicability of PAN AIR are governed by consider-
ations as to whether the physics of the flow/configuration problem in question
can be approximated to a reasonable extent by the inviscid, "potential flow"
environment implicit in the use of the method. Applications of PAN AIR to
transonic flow problems (in which subsonic and supersonic flows exist at the
same time in different regions and which cannot be appproximated by either
Laplace's equation or the wave equation) are clearly jnadmissable. Similarly,
application of the method to blunt configurations in either the high subsonic
or low supersonic speed regimes should be limited to cases in which any Tocal
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embedded supersonic or subsonic regions, respectively, are very small in
size. Use of the method for flows whose characteristics are appreciably
affected by viscous phenomena (for example, thick boundary layers and
separated regions) is of dubious value unless such layers and regions are
simulated by the techniques of "displacement modeling" (see section 2.1.4).
Application of PAN AIR in supersonic flow is limited to linear phenomena
associated with weak shocks, for example, wave drag type pressures of thin
airfoil theory; nonlinear phenomena such as those associated with strong
shocks will not be predicted. Also, in supersonic flow solid boundary
surfaces can not be modeled if the surface is at an angle to the undisturbed
flow greater than the Mach angle.

PAN AIR can be applied in two general types of aerodynamic problems:
analysis and design. Analysis boundary value problems (section 2.1) are of
the following type: given the conditions in the undisturbed fiow field and
the flow conditions at the surface, find the resulting flow field. PAN AIR
also has a non-iterative design capability (section 2.2) which solves problems
of the following type: given the conditions in the undisturbed flow field and
the desired pressure distribution at the surface, find the resulting flow
field including data needed for linearized redesign to obtain the surface
having the desired pressure distribution.

2.1 Aerodynamic Analysis Features

The PAN AIR aerodynamic analysis capability consists of the ability to:

(1) calculate pressures and velocity components at any point on the
surface of a configuration, in the flow field, or along streamlines
and

(2) calculate forces and moments both on the configuration as a whole and
on specified portions of the configuration.

The detailed capabilities of the system are illustrated in the following
descriptions of the analysis features.

2.1.1 Modeling Flexibility

From a geometric point of view, a configuration is amenable to processing
by PAN AIR if the surfaces of the configuration can be approximated by
“networks" of grid points which represent a mosaic of panels. The user
specifies the geometry of the configuration by breaking it into a set of
networks. Each network usually consists of a four-sided array of four-sided
panels. The panels can be general quadrilaterals; their side edges need not
be parallel to the flow. One side of a network can collapse to zero length so
that the network becomes triangular, as in the case of the nose or aft-body in
figure 2.1. Further, two opposite sides of a network can collapse, forming a
diamond network such as the endplate in figure 2.1.
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The manner in which a configuration is constructed from a set of networks
is illustrated in figure 2.1 for a transport type wing-body configuration.
The networks are shown in a developed or "folded out" fashion. The number,
sizes and arrangements of the networks are at the user's discretion within
broad Timits. (Restrictions on networks and panels are discussed in section
B.1.3.) Usually networks will represent physically meaningful configuration
components, such as major body components, fairings, and control surfaces.

PAN AIR uses higher-order panels which eliminate many of the modeling
problems and restrictions that lower-order panels typically have. Two
important aspects of the higher-order panels are that within a network (1) the
doublet strength is continuous across all panel edges, and (2) all adjacent
panels have contiguous edges. This eliminates the generation of spurious line
vortex behavior which can produce disastrous numerical effects in super- sonic
flow. Since the four corner points connected by a particular panel generally
are non-planar, the continuous panel edge geometry is attained by folding the
panel tips about lines connecting the panel midpoints. Thus each panel has a
flat central portion and four flat, foldable triangular tips as shown in
figure 2.2. The user inputs only the corner point coordinates from which PAN
AIR constructs the geometry of the folded panels.

The user defines each network as a separate entity. This allows consider-
able freedom in modeling, but has the disadvantage that gaps (or overlaps) can
be inadvertently created at network abutments. These gaps can produce serious
numerical errors in supersonic flow. PAN AIR has the capability to detect
such gaps and to take steps to maintain continuous doublet strength across the
network abutments (see section B.3.5). PAN AIR also allows the user to
specify gaps in the configuration which are physically meaningful and thus to
be retained in the analytical model.

Subsonically, the panels can be oriented arbitrarily in space.
Supersonically, panels representing solid boundaries can still be inclined to
the flow but they must be at angles less than the Mach angle. For nonsolid
boundaries at angles greater than the Mach angle (for example, at an engine
inlet or exhaust) a special "superinclined" panel can be used. Although the
superinclined panels look like blunt surfaces, they do not influence the up-
stream flow. They are used to:

1. Seal off inlets to prevent the propagation of wave-like disturbances into
the interior (which can degrade numerical accuracy).

Specify exhaust mass flows and capture oncoming inlet flows.

Close the interior volume so that velocity potential type boundary
conditions can be specified on the interior surfaces of the panels.

2.
3.

Flows or mixtures of flows which exhibit "shear layers" and which can be
rendered "simply connected" (see section A.3) by suitable paneling of such
layers are frequently amenable to processing by PAN AIR. Such flows include
wakes and free vortex sheets as shown in figure 2.3. Shear layers are modeled
in PAN AIR by "wake networks." The most common application of wake networks
is the simulation of wakes originating at the trailing edge of a lifting
surface. PAN AIR does not calculate the shapes of wake networks unless
indirectly as part of a design problem (see section 2.2); usually the user
must provide approximate shapes for wake networks in the form of paneled
surfaces, the quality of the solution being dependent on the quality of the
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‘oproximation. Some examples of the modeling of shear layers are given in
section B.3.6.

2.1.2 Configuration Symmetries (record G4)*

The PAN AIR user may take advantage of the geometric symmetry properties
of the configuration to be processed. This reduces both the amount of data
input and the cost of the solution. Even if configuration symmetry is
involved, asymmetric flight conditions may still be processed, subject to the
considerations described below in section 2.1.3. The symmetry option may be
used not only for the obvious cases involving one or two planes of configur-
ation symmetry but also for ground effect problems in which the "total"
configuration consists of the vehicle itself and its reflected image.

The various classes of problems involving symmetry are discussed in the
following.

2.1.2.1 Asymmetric Configurations

PAN AIR is capable of handling completely asymmetric configurations. To
accomplish this the user is required to provide panel arrangements for the
complete configuration and any wakes or jets attached thereto. Examples of
configurations which must be treated in this fashion are shown in figure 2.4
and include symmetric configurations with an asymmetric wake configuration,
yawed wing configurations and aircraft with asymmetric stores arrangements.

No configuration is completely symmetric of course, if only for the presence
of small asymmetric elements. The choice of whether to consider the
configuration as symmetric or asymmetric is the responsibility of the user and
depends on the degree of detail desired in the analysis. Processing of
asymmetric configurations is more expensive, in terms of both computer
resources and input effort required, than processing of similar configurations
with one or two planes of symmetry.

2.1.2.2 One Plane of Symmetry

The one plane of configuration symmetry option can be used to handle
efficiently two cases shown in figure 2.5:

(1) Configurations with one plane of symmetry. This case is typified by
configuration symmetry about an a:.bitrary plane of symmetry, usually the
plane Yo = 0 (figure 2.5a). In this case the user need input only half of

the configuration paneling. Forces and moments will be calculated as if
the whole configuration were present.

* Configuration symmetries are specified by record G4 of the DIP module input
data. Record identifiers and names are listed in section 7.2.2; records are

described in sections 7.3 to 7.7.
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(2) Asymmetric configurations in ground effect. In this case the single
plane of configuration symmetry may be used to represent a ground plane.
This capability may be used not only for truly asymmetric configurations
in ground effect but also for symmetric configurations at some angle of
bank relative to the ground (figure 2.5b). (Configurations with one plane
of symmetry at zero angle of bank in ground effect may be dealt with by
using the two planes of symmetry capability described below.) When a
ground plane is specified, forces and moments are not calculated for the
"image half" of the "total" configuration.

2.1.2.3 Two Planes of Symmetry

In the two planes of symmetry option the two planes must be orthogonal,
that is, at right angles to each other, but otherwise may be selected
arbitrarily. One or both planes may be used as a ground plane on instruction
from the user. Again, a ground plane is differentiated from an "ordinary"
plane of symmetry in that forces and moments are not computed for the
associated "images" in the case of the ground plane. The two planes of
configuration symmetry option can be used to handle efficiently three cases
shown in figure 2.6:

(1) Configurations with two planes of symmetry such as the "cruciform"
configuration shown in figure 2.6a. In this case only one quarter of the
vehicle and wake paneling need be input.

(2) Configurations with one plane of symmetry in ground effect, in which
case one half of the vehicle, that is, one quarter of the "total"

configuration, is input (figure 2.6b).

(3) Flow about an arbitrary object positioned in the "corner" between two
perpendicular walls (figure 2.6c), the flow being along the walls. The
complete object, which is one quarter of the “total" configuration, is
input in this case.

Special treatment is required for networks which lie in a plane of
symmetry, for example, a planar, thin surface representation of a vertical fin
lying in the plane y, = 0. Such networks are identified by a "reflection in

plane of symmetry tag" (record N5), which instructs the program to specially
treat the "images" of the network in question. This is generally not
necessary since a network is determined automatically by the program to lie in
a plane of symmetry if its panel center points lie in the plane of symmetry.

2.1.2.4 Asymmetric Flow Cases for Symmetric Configurations

Problems whose panel geometry contains a plane of symmetry can take
advantage of symmetry economies even though the boundary conditions and/or the
onset flow are not symmetric. For example, a configuration with one plane of
x -z symmetry at an angle of sideslip falls into this category. Program
economies are achieved by decomposing the effective incident flow into
symmetric and antisymmetric components, solving these two separate boundary
value problems, and then summing the solutions to obtain the final, asymmetric
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results. With one plane of symmetry two sets of N equations are solved,
rather than a single set of 2N equations. Certain restrictions are implicit
in this capability when compressible flow cases are considered as shown in
figure 2.7:

(1) For one plane of configuration symmetry, the compressibility
direction (which is the x direction in the Prandtl-Glauert equation) must
lie in the plane of configuration symmetry (figure 2.7a).

(2) For two planes of configuration symmetry, the compressibility
direction must lie in both planes of symmetry and hence must be in the
direction of the intersection of the two planes (figure 2.7b).

These conditions restrict the use of the configuration symmetry options. If
the restrictions on the compressibility direction are not met, the user either
must forgo use of the configuration symmetry option(s) or must use
approximations in modeling the onset flow field.

The direction of the "uniform onset" flow velocity U, may deviate from the
compressibility direction, but such deviations should be limited to small
angles to maintain the validity of the linearized compressible formulation.
For example, for the singly symmetric configuration at an angle of sideslip 8
in figure 2.7a, that angle should be small, while for the cruciform configur-
ation in figure 2.7b both angles of attack, a, and sideslip, g, should be
small. (The distinction between the compressibility direction and the
direction of the uniform onset flow is discussed further in section B.2.2.)
The allowable range of the angles of attack and sideslip should be reduced as
the Mach number is increased. Typical ranges are t10° at Mach = 0.5, #5° at
Mach 1.3 and #1° at Mach = 3.0. For asymmetric flight conditions in
compressible flow in which these angles are not small, the configuration must
be treated as asymmetric. However, these restrictions do not apply in
incompressible flow, where any configuration with geometrical symmetry can be
treated in this fashion regardless of the magnitudes of the angles of attack
and sideslip. The symmetry option can also be used for configurations whose
panel geometry is symmetric but whose boundary conditions are not. Examples
of this are asymmetric flow due to linearized control surface deflections
modeled through the boundary conditions (see sections 2.1.4 and B.3.2) rather
than by deflecting the actual control surface networks (figure 2.8a), and due
to propeller discs with differing influxes (figure 2.8b).

2.1.3 "Thick" and "Thin" Configurations

The fundamental "composite panel", with two boundary conditions per
control point, provides the PAN AIR user with a great deal of flexibility in
dealing with various types of configurations.

In the most frequent type of usage, panels are distributed over the
surface of a "thick" configuration (that is, one in which the surface encloses
a finite volume, for example the "thick" wing section shown in figure 2.9a) to
provide a detailed simulation of the surface shape. The two boundary
conditions on each panel control not only the flow around the outside of the
vehicle, but also the flow in the interior of the configuration which,
although of no physical significance, is required to render the solution
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unique (see section A.3). (In most thick configuration cases the interior
flow will be set equal to the freestream velocity by the selection of standard
boundary conditions and need not be of concern to a majority of users.)

Some types of problems however may warrant a “thin" surface treatment in
which the panels are used to simulate both the upper and lower surfaces of an
infinitely thin wing, for example. In this case, the interior volume is
non-existent and the two boundary conditions control the outer flow over both
upper and lower surfaces of the wing (figure 2.9b). Presumably, in this type
of usage the configuration will be sufficiently thin to warrant thin surface
treatment and, furthermore, the user will be aware of the accuracy limitations
imposed by the approximate nature of the configuration simulation. Thin
surface simulation will usually be substantially cheaper in terms of computer
time and cost, and input effort required, than corresponding “thick"
configuration cases. This provides the user with an important flexibility in
weighing his requirements in terms of accuracy versus incurred cost.

Techniques are available which will increase the configuration fidelity of
thin surface representation. For instance, finite wing thickness may be sim-
ulated with a thin surface network representation by specifying a source sing-
ularity distribution (in addition to the doublet distribution) whose strength
is equal to the rate of change of thickness. Such "linearized" modeling tech-
niques are described below in section 2.1.4. Both “thick" and "thin" surface

representations may be used in .the same analysis as shown in figure 2.9c.
2.1.4 "Exact" and "Linearized" Modeling

The terms "exact" and "linearized" pertain to whether the boundary con-
ditions applied on the network surface representation are used to represent
the flow conditions at the network surface itself (exact), or at some small,
non-zero distance away from the network surface (Tinearized).

Consider the example of a paneled surface representation of a thick wing.
If the user were interested only in the characteristics of the wing in
potential flow, he would specify appropriate "exact" boundary conditions at
the surface of the paneling scheme which would enforce the condition of zero
flow normal to the exterior of the wing (plus a suitable representation of the
interior flow). If on the other hand, he were interested in simulating the
boundary layer thickness on the surface of the wing, he could do this by using
either exact modeling or linearized modeling.

In exact modeling, he would estimate the diplacement thickness of the
boundary layer at all points on the wing surface, add this thickness to the
wing profile, panel the shape of the wing plus boundary layer and apply exact
boundary conditions at the displacement surface of the boundary layer {figure
2.10a). This is an example of "exact displacement modeling." Modeling of the
displacement surfaces in figure 2.10a would require two wake networks, one for
upper and one for the lower shear layer. A base network is also necessary to
divide the interior and exterior flows.

Using 1inearized modeling on the other hand, he would simulate the effects
of the boundary layer without repaneling the shape of the wing plus boundary
layer by imposing suitable "linearized" boundary conditions (or by imposing
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Tccal onset flows discussed in section 2.1.5), which would be applied on the
surface of the wing, but would simulate conditions at the displacement surface
of the boundary layer. In practice he would do this by specifying a source
strength distribution which would produce a flow out of the paneled surface
equal to the rate of change of boundary layer thickness (figure 2.10b). This
is an example of "linearized displacement modeling".

Note that the terms "exact" and "linearized" in this context do not imply
any assumptions as to whether the paneling scheme used is "thick" or "thin."
Both exact and linearized modeling techniques can be used on either thick or
thin surface representations. Use of exact modeling is fairly
self-explanatory. Use of linearized modeling is explained by the applications
described below. (The associated boundary condition equations and their
implementation in PAN AIR are discussed in section B.3.2.)

2.1.4.1 Boundary Layers

The linearized representation of boundary layers was illustrated in the
example discussed above.

2.1.4.2 Thickness Distributions

The simulation of thickness for a thin wing surface representation, or
increments in thickness on a thick configuration, is a problem very similar to
that of boundary layer simulation. In both cases, additional source strength
is specified on the surface equal to the rate of change of thickness,
incremental thickness or boundary layer displacement thickness (figure 2.11a).

2.1.4.3 Camber Distributions

The effects of camber or incremental camber can be simulated for both
thick and thin surface representations by specifying an incremental flow
through the paneled surfaces equal in magnitude to the difference in camber
slopes between the paneled configuration and the simulated configuration. The
direction of the incremental flow is from the paneled surface to the simulated
surface (figure 2.11b).

2.1.4.4 Linearized Control Surface D« "lections

The simulation of control surface deflections is essentially the same
problem as simulation of incremental camber distribution described above. For
example, in simulating a flap deflection, an incremental flow equal to the
tangent of the flap deflection angle and flowing from the paneled surface to
the simulated surface would be specified (figure 2.1lc).
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2.1.4.5 Linearized Asymmetric Effects

Asymmetric control surface deflections, for example, aileron deflections,
or asymmetric distributions of camber or thickness can be simulated even if
only one half of a configuration with one plane of symmetry is used as the
paneling scheme (figure 2.8a). This is possible because no actual change in
network geometry between "preal" and "image" halves of the configuration is
involved. The user exercises this capability by specifying an additional set
of boundary condition data on the appropriate “image” network(s). These
inputs are of course different from those for the corresponding "real"
network(s). This option is not available if the plane of symmetry is
designated as a ground plane. Also, asymmetric power effects may be simulated
using only one side of a symmetric configuration as a paneling scheme. This
could be performed by specifying, for example, a flow through an "image"
actuator disc (propeller disc) which is different from that on the "real’
actuator disc, again assuming that the slipstream shape is the same for both
"image" and "real" halves of the configuration (figure 2.8b).

2.1.4.6 Flow Entrainment by Jet Effluxes

In analyses involving V/STOL aircraft in hovering flight or at low forward
speeds, the flow entrained by 1ifting jets or slipstreams exerts an
appreciable influence on the forces and moments experienced by the vehicle.
These effects can be modeled using linearized techniques in a manner similar
to that used in modeling linearized boundary layer effects. The efflux would
be treated as an extension of the configuration and modeled with composite
panels. (The user must specify the location of the "efflux tube" extension.)
Boundary conditions would be imposed such that the source singularities are
used to simulate specified inflow (entrainment) rates at each control point
(figure 2.11d), see section B.3.6. These inflow rates could be obtained from
appropriate test data or analysis involving mixing jets.

2.1.5 Onset Flows

In PAN AIR the configuration being analyzed is assumed to be at rest with
respect to an inertial frame of reference, which is defined by the "reference
coordinate system" (xo, Yoo zo) used to input the configuration geometry. In

the most frequent type of usage, the configuration is exposed to a uniform
onset or freestream flow velocity Ux whose direction relative to the reference
coordinate system is determined by the angles of attack and sideslip specified
by the user. In addition to the freestream, the user may specify incremental
flows of two basic types (figure 2.12).

2.1.5.1 Rotational Fiows (record set G6)

These are used for simulation of steady rotational motions, for example,
rates of roll, pitch and yaw or rates of rotation about arbitrary axes, which
must be regarded as "quasi-steady” states because the configuration is fixed
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in inertial space (figure 2.12a). In PAN AIR the flow is rotating with
respect to the fixed vehicle; for a rotating vehicle simulation the user must
specify the negative of the vehicle rotation rates.

2.1.5.2 Local Onset Flows (record set N18)

The user may impose additional velocity components by specifying the
components of a local onset flow on the configuration. This option may be
used on a per-network basis to simulate in a linearized fashion such effects
as a change in wing incidence relative to the remainder of a configuration, or
a change in attitude of a model relative to a wind tunnel, without changing
the geometry of the panel arrangement (figure 2.12b). 1In addition, the local
onset flow may be varied from panel to panel within a network or group of
networks (figure 2.12c). This is useful, for instance, in simulating the flow
of a swirling, non-uniform slipstream over the surfaces of a wing or nacelle.
In using this option, the user would specify the local onset flow at each
control point in the network. The user has the additional option of
specifying the local onset flow either as three velocity components or as a
velocity magnitude and angles of attack and sideslip. In addition to entering
into the boundary value problem solution, the incremental flows can be
included in subsequent pressure coefficient calculations. This permits the
calculation of more realistic pressure coefficients in situations which
simulate locally higher energy flows such as slipstreams.

2.1.6 Surface Flow Property Options

Surface flow properties, that is, the velocities and pressures, can be
calculated in various ways and in varying detail at the discretion of the
user. The program will follow one or more paths in calculating these quanti-
ties, depending on the user's choice from the options listed below.

A1l options have system defaults; if the user does not specify a par-
ticular choice, the system chooses the default. The options and system de-
faults are summarized in figure 2.13a. The user can change the system
defaults by using the Global Data Group records (section 7.3) to specify a new
set of system defaults, including multiple selections of most options. In
addition the user can select an alternate set of options for each "case" of
post-solution computations by using appropriate records in the Surface Flow
Properties Data Subgroup (section 7.6.1).

2.1.6.1 Surface Selection Options (records G8 and SF5)

PAN AIR solves for both "exterior" and "“interior" flows. Data can be
calculated and printed for both "upper" and "lower" surfaces of each
singularity sheet (see section B.1.1). Data can also be calculated and
printed for the difference and average of the upper and lower surface data.
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2.1.6.2 Point Location Options (record set SF4)

Several choices of point Tocations at which surface flow properties are
calculated are available. These options are

(1) panel center control points,
(2) network edge control points,

(3) an "enriched grid" of points consisting of points on each panel: the
center point, the four corner points and the four edge midpoints, and

(4) wuser-specified points on the surface.

The choice of these options can be varied from case to case. Required
computing resources will of course increase as the number of calculation
points increases.

2.1.6.3 Velocity Computation Methods (records G9 and SF6)

Two options are available for the method of computing velocities on the
network surfaces:

(1) by using the analytically differentiated surface potential dis-
tribution, together with the appropriate flow normal to the surface as
defined by the boundary conditions and the known jump conditions across
each panel (BOUNDARY-CONDITION method), and

(2) by using the "velocity influence coefficients" used to construct the
aerodynamic influence coefficients (VIC-LAMBDA method).

Because of its efficiency, method (1) would be used in the majority of cases
involving conventional modeling techniques and boundary conditions. Method
(2) is intended for use in cases involving unusual boundary conditions or
modeling techniques. If both methods are specified, two independently
computed sets of results will be produced for most networks (see record G9).

2.1.6.4 Velocity Correction Options (records Gl1, SF10b and SF11b)

Because of the small perturbation assumptions implicit in the
Prandtl-Glauert equation, errors are introduced into the compressible velocity
computations when the local velocity deviates substantially from the
freestream. The largest such deviations occur in and around stagnation
regions such as at wing leading edges and inside inlets. To produce realistic
velocity and pressure results in these regions, two independent velocity
correction techniques are available which may be applied whenever the panel
method predicts large, negative perturbation velocities. The first correction
is used to correct the velocity at a blunt leading edge. It is useful for
thick unswept wings or flow-through nacelles. The second correction is used
to correct the velocity for predicting the outer flow in a boundary layer
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c.alysis. It is useful for thick wings or wing-like configurations. The
velocity corrections are discussed in section B.4.1.

2.1.6.5 Pressure Coefficient Rules Options (records G12, SF10c and SFllc)

Once the user has decided on the method(s) of computing velocities, he may
similarly exercise several options for computing the pressure coefficients
from the velocities. The pressure coefficient rules available are:
isentropic, linear, second-order, reduced second-order, and slender body.
These formulas are discussed in section B.4.2. The isentropic pressure
formula usually gives the best results with exact surface paneling. The
others represent varying degrees of approximation to the isentropic formula
and are often used in conjunction with linearized modeling techniques.

Another option is available in the form of a user-specified pressure reference
velocity (records G14 and SF9). This is used in calculating pressure
coefficients for stationary configurations, for example, an engine operating
under static conditions.

2.1.6.6 Wake Flow Properties

The flow properties on the surfaces of wake networks can be calculated if
desired. This option is useful in determining whether the wake location
specified by the user is a reasonable representation of that which would occur
in practice: large flow velocities normal to the wake imply an inaccurate
estimation of the wake location. In many instances (for example, simple
wing-body configurations) this is not of serious consequence. However, in
some instances the wake location is crucial to the flow characteristics, for
example, a closely coupled tail or canard in which the wake from the forward
surface passes close to the aft surface. In such cases it may be necessary to
perform an iterative cycle of calculations to determine the correct wake
location. The wake flow properties will yield information from which a second

iteration of the wake location can be estimated.
2.1.7 Force and Moment Calculation Options

Force and moment coefficients can also be calculated in various ways and
in varying detail at the discretion of the user. These calculations are
carried out independently of the options selected for surface flow properties
calculations described above. The options and system defaults are summarized
in figure 2.14. The defaults, either program defaults or user-specified
defaults, are the same as for the surface flow property computations. The
user can select alternate options for each “case" of computations by using
appropriate records in the Forces and Moments Data Subgroup (section 7.6.3).
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2.1.7.1 Surface Selection Option (records G8 and FM12)

Force and moment coefficents can be calculated for the upper and lower
surfaces of each singularity sheet and for the sum of the upper and Tower
surface values.

2.1.7.2 Force and Moment Computation and Summation Options (records FM5 and
FM19)

The force and moment coefficents can be computed, printed and summed in
varying degrees of detail:

(1) for each panel,
(2) for each column of panels in a network,
(3) for each network, and

(4) for the user-specified configuration for each case.

the choice of options (1) to (3) can be varied from case to case as specified
by the user. These options permit, for example, the evaluation of wing loading
and bending moment distributions. An additional option enables individual net-
works to be eliminated from the force and moment summation for the total con-
figuration. For example, a wind tunnel mounting system can be modeled, but the
networks simulating the mounting system eliminated from the force and moment

calculations.
2.1.7.3 Velocity Computation Methods (records G9 and FM13)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.7.4 Velocity Correction Options (records Gl1 and FM15)

The options available are jdentical with those available for surface flow
properties (see section 2.1.6).

2.1.7.5 Pressure Coefficient Rules Options (records G12 and FM16)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.7.6 Edge Force Option (record FM9)

The velocities and pressures near subsonic leading and side edges of 1ift-
ing surfaces exhibit very high local velocities. Reasonably accurate integra-
tions of the "leading edge thrust" force produced by this behavior can be
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obtained for thick wings with dense leading edge paneling. However, for thin
wings (in which case the velocities become infinite), integration of surface
pressures omits the edge force effect, thereby yielding unrealistic drag
forces. In PAN AIR an option is available by which the edge force can be
calculated (see section B.4.3 of this document and section 0.3 of the Theory
Document). The force thus calculated is added to the forces obtained by
integration of the surface pressures.

2.1.7.7 Axis Systems Options (record FM3)

Force and moment coefficients can be calculated and printed in several
axis systems, each with a user-selected moment reference point. The options
available and the defaults for the coordinate systems are:

(1) Reference Coordinate System
In this system the Xos Ygo and z, directions are those used to define

the configuration geometry. In the default system the Xo-axis points
toward the tail of the configuration; the yo-axis points toward the

starboard wing; the z_-axis, forming a right-hand set, points
vertically upward.

(2) Stability Axis System
The (wind tunnel) stability axis system is obtained from the
reference coordinate system by a rotation of (minus one times) the
angle of attack about the Yo-axis.

(3) Wind Axis System
This system is defined from the reference coordinate system by
rotations given by (minus one times) the angles of attack and
sideslip such that the x-axis points downstream in the relative wind
direction, the y-axis toward starboard and the z-axis upward. This
system produces forces consistent with commonly-accepted 1ift and
drag definitions (for example, reference 2.1, also see section B.4.3).

(4) Body Axis System
An arbitrary body axis system can be specified by supplying an origin
and tuler angle rotations away from the reference coordinate system.
The default body axis system is constructed such that the x-axis
points forward and the z-axis downward. This system produces forces
and moments consistent with commonly-accepted stability and control
practice, for example, starboard wing down produces positive roll
angle and starboard wing aft produces positive yaw angle.

2.1.7.8 Reference Dimensions Option (records FM2 and FM11)

The user can specify reference values for chord and span lengths and for
surface area, which are used in computing the force and moment coefficients.
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2.1.8 Field Flow Property Options

Field flow properties, that is, the velocities, pressures, and streamlines
can be calculated in various ways and in varying detail at the discretion of
the user. The program will follow one or more paths in calculating these
quantities, depending on the user's choice from the options listed below.

A1l options have system defaults; if the user does not specify a
particular choice, the system chooses the default. The options and system
defaults are summarized in figure 2.13b. The user can change the system
defaults by using the Global Data Group records (section 7.3) to specify a new
set of system defaults, including multiple selections of most options. In
addition the user can select an alternate set of options for each “case" of
post-solution computations by using appropriate records in the Field Flow
Properties Data Subgroup (section 7.6.2).

2.1.8.1 Field Point Options (records 0B1, 0B3, 0B4 and SL1)

Points in the flow field, at which properties can be calculated, can be
designated in three ways. Specific points can be requested either by a list
of arbitrary locations or as an orthogonal grid. Points can also be requested
along streamlines in the field.

2.1.8.2 Velocity Correction Options (records G11, OB8b and SL15b)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.8.3 Pressure Coefficient Rules Options (record G12, 0B8¢c and SL15c)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.8.4 Streamline Direction Option (record SL6)

Points can be calculated either upstream or downstream from a designated
starting point.

2.1.8.5 Streamline Vector Field Option (record SL7)

Streamlines can be calculated based on either the mass flux or the
velocity vector field.
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2.1.8.6 Plot File Options (record 0B9 and SL15)

A plot file can be created from selected cases of offbody points and
streamline points. Further options for velocity corrections, pressure
coefficient rules and parameter selection are also available.

2.2 Aerodynamic Design Capabilities

The PAN AIR design capability, termed "non-iterative" design, consists of
the ability of taking a first approximation to the shape of a portion of a
configuration, together with a specification of the desired pressure or veloc-
ity distributions on that portion and transforming these data into relofting
information, from which a second estimate of the desired shape can be cal-
culated. Application of this technique to thick and thin configurations is
illustrated in the following paragraphs.

2.2.1 Thick Configuration Design

Application of non-iterative design to a portion of a thick wing is illus-
trated in figure 2.15. The user starts with a paneled approximation to the
surface to be designed and a desired pressure or velocity distribution over
that surface (figure 2.15a). The pressure or velocity distribution is then
converted by the user into tangential velocity boundary conditions applied at
the panel center control points of the network in question (figure 2.15b), see
section B.3.3. The tangential velocity boundary conditions app]y only to one
surface of the network under consideration, in this case the “upper" surface;
another set of conditions, in this case zero perturbation velocity potential,
insures uniqueness of the internal flow.

The source singularities in the design application are represented by a
different type of network to that used in analysis problems: an extra degree
of freedom is required in the column-wise direction. Special edge conditions
are used to control these degrees of freedom: a “closure" integral condition
is imposed at the "free" edge. In this instance, setting the integral to zero
insures that both leading and trailing edges of the network remain in their
original locations when the surface is redesigned.

The end result of the process is shown in figure 2.15c. The tangential
flow conditions are satisfied in the sclution but conditions normal to the
panel are left free, except that the c!-sure condition controls the integral
of the normal flow along a particular column. The residual normal flows at
each control point can be shown, using linearized assumptions, to be equal to
the difference in slope between the approximated surface and the desired
surface. This information is used (external to PAN AIR) to reloft a second
jteration of the desired shape.
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2.2.2 Thin Configuration Design

The design process can be applied to "thin" configurations as illustrated
in figure 2.16. Figure 2.16a shows a situation in which the camber surface of
a thin wing is to be designed to produce a given loading. Boundary conditions
in this case would consist of “difference" tangential velocities, which pre-
scribe the load distribution, and "average" tangential velocities of value
equal to the freestream, which set the source strength on the composite panels
everywhere equal to zero. A matching edge condition must be applied to the
leading edge to set the doublet strength equal to zero. This uses up the
degree of freedom available 1in the streamwise direction so that no control
over the relative locations of leading and trailing edges can be exercised.

Figure 2.16b shows the design of a "thick" wing using a "thin" surface
representation. Tangential velocity boundary conditions are used to specify
the pressure distributions on both “upper" and "lower" surfaces individually.
The program decomposes these into "difference" tangential velocities which
prescribe the loading and "average" tangential velocities which indirectly
determine source strength distributions, thus describing the thickness
slopes. Both closure and matching conditions are applied to insure zero
leading edge doublet strength and a "closed” thickness form, respectively.

2.3 System Usage Capabilities

PAN AIR offers several modes of operation other than the "normal"
one-pass, input-solution-output mode. These modes are designed to facilitate
use of the system with regard to data checking and resource estimating,
processing of additional flow cases, processing of configurations which differ
in a limited way from a previously-analyzed problem, and extraction of data
after the initial data-creation run.

2.3.1 Data Checking and Resource Estimation

The problems submitted to PAN AIR may involve large amounts of input
data. Rather than risk wasting computing resources on an incorrectly
formulated or erroneous submission, the user is able to take advantage of the
data checking, diagnostic and resource estimating capabilities of the system.

To use this capability the user submits a complete input deck along with
"CHECK" as a FINDxxx option in PAPROCS. The latter instructs the system to
execute the first program, the DIP (Data Input Processor) module, which will
read and echo the user-supplied input information, check for syntactical
errors, probiem formulation errors and logic errors, and print diagnostic
messages describing each error in easy-to-understand terms. Unless instructed
otherwise, the CHECK option executes the second program, the DQG (Defining
Quantities Generator) module, which sets up the boundary value problem as
though a full system execution were requested, including the indexing of all
networks and panels, the construction of network abutments and the assignment
of boundary conditions. DQG prints all pertinent geometric data and sets up a
file for configuration panel display. Execution of the data check process is
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terminated only in the case of major input errors which cannot be resolved
without user intervention. This permits the detection of multiple errors in
one submission. Further details on the data check capability are in section 5.

2.3.2 Additional Flow Cases ("Solution Update")

The boundary value problem formulation and solution ultimately involve the
construction and solution of a system of linear algebraic equations, which can
be expressed in matrix form as:

[AIC]  {x} = {b}

In this equation {x} is the set of unknown source and doublet singularity
parameters to be solved for. The matrix [AIC] is composed of "aerodynamic
influence coefficients" which describe the influence of a particular
singularity parameter on a particular boundary condition. These influence
coefficients are purely geometric in nature and involve terms which describe
the relative locations of panels and control points, describe the "type" of
boundary conditions at these particular control points (for example, normal
vectors for analysis conditions, tangent vectors for design conditions) and
involve Mach number dependent geometry scaling vectors. These terms are
collectively referred to as "left-hand side" quantities.

The vector {b} consists of scalar boundary condition terms which are
primarily flow condition related. Such quantities as the magnitude and di-
rection of the freestream or "onset flow" and the magnitudes of imposed veloc-
ities at control points are represented in this vector. These terms are
referred to as "right-hand side" quantities.

The construction and triangular decomposition of the AIC matrix is the
most costly and time consuming operation in PAN AIR. Once this is performed,
multiple solutions involving different "right-hand sides" can be executed
economically.

In PAN AIR, multiple flow cases can be processed in the initial
submission. In addition, the decomposed AIC matrix can be saved and new
"right-hand sides" processed after the initial submission. This can be
accomplished either by including the appropriate option in one of the FINDXxx
procedures or by including the procedure SAVEDB. Subsequent submissions
contain the procedure FINDSU with optional parameters, or FINDSU and GETDB,
and the data needed to specify the new solutions. Use of this capability
enables the user to cover a range of flow parameters in a coarse fashion on
the first submission, determine a range of interest from this initial scan,
and then selectively process additional flow cases in the range of interest,

2.3.3 Limited Configuration Changes ("IC Update")

Situations arise in which it is desired to process configurations which
differ from one already processed in a limited fashion with respect to
geometry and/or boundary condition type. This type of change, as opposed to a
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"Solution Update," involves changes in the "left-hand side" information which
appears in the AIC matrix, and can be handled efficiently by an "IC Update"
(IC, influence coefficient) capability.

In the original submission the user appends an “updateable" Tabel to se-
lected networks or network edges (record N8). This tells the program that the
influence coefficients and equations involving these networks or edges might
be recalculated in subsequent cases. The program then blocks the solution
matrices so that the coefficients not involved in the change are calculated
once and saved, while those which are involved are placed at the end of the
set of equations so they can be recalculated as part of the processing of
subsequent run(s).

The control cards for the subsequent submission involving the change con-
tains a procedure which identifies it as a "FINDICU" run, plus a redefinition
of only those networks which were labeled as “updateable" in the original sub-
mission. This redefinition can involve changes in the geometry of the network,
the "type" of boundary condition or a combination of the two. The equation
solver then takes advantage of the fact that the matrix contains a block of
terms which remains constant for each subsequent case.

This feature is designed to enable the user to execute efficiently the
following types of cases.

2.3.3.1 Design

When more than one iteration is desired in the design process, the IC
update capability should be used. The process is illustrated in figure 2.17.
In this thick wing design problem, the network representing the wing is
subject to changes in shape from iteration to iteration. It is thus labeled
"updateable." The shape of the trailing edge will also presumably be changed
and so the wake network which abuts the trailing edge must also be labeled
updateable. The shape of the wing-body intersection curve and the in-
tersection curve of the wake with the body to some distance aft of the
trailing edge will also change, and so portions of the body immediately above
and below the wing and wake (referred to in the drawing as upper and lower
wing-body fairings) must be labeled updateable. Note that the extent of the
updateable regions of the configurations can be limited by judiciously
splitting up major components into small networks. In the subsequent update
run, the user may wish to analyze the resulting modified shape, rather than
perform a second design iteration. In this type of application, in addition
to perturbing the geometry, he would also change the type of boundary
condition from design to analysis in his second submission.

2.3.3.2 Addition or Deletion of Configuration Components

Addition or deletion of a horizontal tail, for example, can be
accomplished using the IC update capability. Figure 2.18 illustrates two
slightly different situations. In figure 2.18a, networks representing a thick
horizontal tail and the tail wake are to be added or deleted from the
configuration. If the tail is to be added, it will be absent in the original
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uti and the body networks immediately above and below the tail location will
meet at a common boundary. In the subsequent update run, the networks
representing the tail and wake will be added and the edges of the body
networks shifted to form the shape of the body-tail intersection contour. In
the original run, those upper and lower body networks will therefore be
labeled updateable. If the tail is to be deleted, the reverse process

occurs. However, since the tail and wake networks are present in the original
run, they, in addition to the body networks, must be labeled updateable. In
the subsequent update run, the tail and wake networks will not be present and
the body networks will be modified to "fill the gap" in the body side. A
slightly different situation is shown in figure 2.18b. Here, the tail is
represented by a "thin" surface and the body networks meet at the 1ine
representing the body-tail intersection. Since addition or deletion of the
tail does not require a change in this intersection line, the body networks
need not be labeled updateable. However, the edge boundary conditions along
the abutment of these networks will change upon addition or deletion of the
tail. These edges must therefore be labeled updateable. If the tail and wake
networks were present in the original run, these networks would be labeled
updateable.

2.3.3.3 Successive Control Surface Deflections

Use of the IC update capability in analyses involving successive control
surface deflections is illustrated by figure 2.19. It is assumed that in the
original run the surface is in the undeflected position as shown in figure
2.19a. Both the control surface and its trailing wake will be moved in the
following runs, so they must be labeled updateable. Although the aft, outer
wing surfaces remain fixed, conditions at their inboard edges will change, and
so these edges must be labeled updateable edges. Additional wake networks
will be added in the subsequent deflected cases as shown in figure 2.19b.

2.3.3.4 Stores Separation

Successive locations of a jettisoned external store may be modeled
efficiently by the updateable feature. The group of networks representing the
store itself and the wake emanating from the store would be designated as
updateable in this case.

2.3.4 Separate Post-Processing

The structure of PAN AIR is arranged so that the final output data can be
extracted from the system either at the time of problem solution or at any
time afterwards. A minimal data set required for all final configuration data
extractions is generated by the MDG (Minimal Data Generator) module and placed
on the MDG Data Base. (A1l data bases are automatically saved unless purged
or specified as temporary by the user.) In subsequent post-processing, the
MDG data base is used as a starting point to compute surface flow properties
(velocities and pressure coefficients), field flow properties (velocities,
pressure coefficients, and streamlines) and force and moment coefficients for
all networks.
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This arrangement allows the final data extraction to be isolated from the
boundary value problem solution. It also allows multiple sets of data to be
generated in which the several user options available with respect to network
solution, and surface selections, velocity corrections and pressure
coefficient rules (see sections 2.1.6 and 2.1.7 above) can be varied. Thus
for example, complete sets of surface flow properties, generated using
different pressure coefficient rules, can by obtained and compared.

2.3.5 Peripheral Plotting

The data generated in the post-processing operations described above can
be printed by each of the post-processing modules concerned (PDP for surface
flow properties, FDP for field flow properties and CDP for force and moment
coefficients). This data and the geometry of all panel corner points can also
be placed on appropriate data bases and used to set up standard format plot
files for subsequent interactive graphics display or hardcopy plotting by
user-supplied software routines. The process is initiated by including the
keyword "PPP" in a FINDxxx procedure call. This activates the Print-Plot
Processor module (PPP) and opens the appropriate DQG, PDP and CDP data bases.
(The FDP plot file is created directly by the FDP module.) The user then
constructs a number of plotting "cases," each of which represents a separate
plotfile. The information required to specify a plotting case consists of the
type of data to be processed and selections from the previous defined
computation case identifiers, solution identifiers and network identifiers.
These plotfiles are then placed on tape and displayed using interactive
graphics or flatbed plotter equipment.
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Figure 2.1 - Construction of a configuration from a set of networks
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Flat triangular tips

Flat central portion
3 (parallelogram)

Corner points 1 and 3 are below the plane of the flat central portion
Corner points 2 and 4 are above the plane of the flat central portion

© Panel edge midpoint

Q) Panel corner point

Figure 2.2 - General PAN AIR panel with flat central portion
and four flat triangular tips.
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Figure 2.3 - Examples of use of wake networks
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a) skewed wake simulation in sideslip
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b) yawed wings

7
;g%
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Figure 2.4 - Examples of configurations which must be treated as asymmetric
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Figure 2.5 - Examples of configurations which have one plane of symmetry
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c) corner flow

Figur€'2.6 - Examples of configurations which have two planes of symmetry
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b) two planes of configuration symmetry

Figure 2.7 - Examples of asymmetric flow for symmetfic configurations
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b) propeller disc modeling

Figure 2.8 - Examples of Tinearized asymmetric flow modeled through boundary conditions
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a) thick configuration
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c) combinations

Figure 2.9 - Examples of thick and thin configuration modeling
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panel model

airfoil surface
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« panels and boundary conditions on surface
representing airfoil plus boundary layer
(dtsplacement modeling)

a) exact modeling

displacement surface

panel model

—;\\-single wake network

b) linearized modeling

« panels and boundary conditions on airfoil surface

« additional source distribution to represent
boundary layer thickness

paneled surface

Figure 2.10 - Use of exact and linearized modeling of boundary
layer displacement effects
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Figure 2.11 - Examples of 1inearized modeling
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arbitrary origin
and axis of rotation

b) Tocal onset flows - network wide

. /

c) local onset flows - each control point

Figure 2.12 - Examples of incremental onset flows
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Surface selections

Point locations

Velocity computation methods

Velocity corrections

Pressure coefficient rules

Upper (system default)
Lower

Uplo (upper minus lower)
Loup (lower minus upper)
Average

Panel center control points (system default)
Network edge control points

Enriched grid points

User-specified points

Boundary conditions (system default)
Velocity influence coefficients

None (system default)

Duct flow correction
Leading edge correction

Isentropic (system default)
Linearized

Second-order

Reduced second-order
Slender body

Figure 2.13a - Surface flow properties - output options

including system defaults
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Point selections - Arbitrary offbody points
- Grid(s) of offbody points

- Points along streamlines

Velocity corrections
Same as for surface flow properties

Pressure coefficient rules
Streamline directions - Downstream (system default)

- Upstream
Vector fields - Mass flux (system default)

- Velocity
Plot file options - No plot file (system default)

- Selected cases

Figure 2.13b - Field flow properties - output options
including system defaults
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Surface selection

Computation summations

Velocity computation methods )

Velocity corrections

Pressure coefficient rules )

Edge force

Axis systems

Reference dimensions option

Upper (system default)
Lower
Uplo (upper plus lower)

Panels

Panel columns (system default)
Networks(system default)
Configuration (system default)

Same as for surface flow properties

No (system default)
Yes

Reference coordinate system (system default)
Stability axis system

Wind axis‘system (system default)

Body axis system

No (system default)
Yes

Figure 2.14 - Forces and moments - output options
including system defaults
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c) result

Figure 2.15 - Example of non-iterative design of thick configuration



desired load distribution
leading edge (Ap or Av)

doublet
matching
condition
new surface (after lofting)
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a) without thickness -‘\\\origina] surface
(doublet design)
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edge y desired pressure
(r‘ F‘*~r~_§r\‘::/’or velocity distribution
_ (both surfaces)
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(doublet) ———

\
closure
(source) ./) h\\\J>,

new shape (after lofting)
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b) with thickness
(doublet and source design)

Figure 2.16 - Examples of non-iterative design of thin confiquration
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design (thick wing)

updateable networks ‘\

upper wing-body fairing
lower wing-body fairing

wing —\

wa ke

Figure 2.17 - Application of IC update capability - design
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updateable networks
(addition or deletion)

f:\_\’/ - - - -
updateable Ts -~
networks

(deletion only)

a) thick horizontal tail

updateable network edges
(addition or deletion)

updateable T~
networks

(deletion only)

5) thin horizontal tail

Figure 2.18 - Application of IC update capability - network addition
and deletion
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updateable edges:
wing networks

wake networks

updateable
networks:
flap

flap wake

a) original run

flap edge wake
(added in update)

b) update run

Figure 2.19 - Application of IC update capability - successive
control surface deflections
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3.0 Beginner's Guide - Standard Aerodynamic Analysis Problems

In this section the engineering input data are described for the
standard type of aerodynamic analysis problem (called class 1) that the user
will encounter most often. The description covers the case of an "exact"
representation of the configuration surface, as opposed to a "linearized"
representation (see section 2.1.4). The user can specify the input data for
this type of problem fairly easily without concern for the full capability,

and the associated complexity, of the PAN AIR system.

It is recommended that the new user gain an initial familiarity with
PAN AIR by running this type of problem first. Once an initial acquaintance
with the program has been made, the user can begin to expand his interests to
encompass the full capabilities of the PAN AIR system. Section B.3 provides
the information necessary to set up and process the more complex cases. There
the reader will find the possible boundary value problems divided into five
classes. These allow the user to specify boundary condition equations and the
associated input data in a convenient manner for a great variety of problems.

In the following the general structure of the PAN AIR input deck is
described first. The general procedures for configuration modeling are then
discussed, including the specification of physical and wake boundaries by
network arrays of panels. Then a subset of the subclasses of the class 1
boundary conditions are discussed in detail. Finally, a sample problem with
these class 1 boundary conditions is discussed.

3.1 Structure of Input Deck

A complete deck for a PAN AIR run consists of two parts, separated by
an end-of-file card as shown in figure 3.1. The first part consists of a set
of 1imited job control language (JCL), including one or more PAPROCS
procedures, necessary to initiate and control the execution of PAN AIR. The
second part consists of the user supplied engineering data to define the
problem to the DIP (Data Input Processor) module.

The user-supplied JCL necessary to initiate execution of the PAN AIR
system is very limited and simple. To execute PAN AIR Yersion 3.0, the user
needs only to have the required preliminary control cards (job name, user
name, accounting information, and so forth) and then to access and execute one
or more PAPROCS procedures created during the installation of PAN AIR.

The PAPROCS procedures allow the user to specify identification names
for the data bases and to specify the type of run to be executed through PAN
AIR. The procedures generate the CRAY control cards required to solve the
problem and the inputs to the MEC module which defines the data bases and the
type of run.

The DIP module reads the basic engineering data, performs a few data
checks and other calculations, and generates a data base for passing the input
data on to the other modules. The DIP input data is divided into five data
groups. In the Global Data Group the user specifies basic conditions of the
flow problem and can change some program default options. In the Network Data
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Group the user specifies the geometry and boundary conditions for each
network. In the Geometric Edge Matching Data Group the user can specify
abutments between network edges (as an alternative to an automatic program
abutment procedure). The Flow Properties Data Group has three subgroups: in
the Surface Flow Properties Data Subgroup the user specifies calculation of
velocities and pressure coefficients on identified networks; in the Field Flow
Properties Data Subgroup the user specifies calculation of fluid properties at
selected points and/or along streamlines in the fiow field, and creation of
the FDP plot file; in the Forces and Moments Data Subgroup the user specifies
calculation of force and moment coefficients on identified networks. In the
Print-Plot Data Group the user can specify the creation of data files suitable
for subsequent printing and plotting.

In the Global Data Group the user specifies one or more "solution" data
sets. These are combinations of onset flow properties, for example, angles of
attack, o , and sideslip, 8. In the Surface and Field Flow Properties Data
Subgroups and the Forces and Moments Data Subgroup the user specifies
independent “cases" for the sets of calculations. For each case the user can
select one or more solutions from the set originally specified in the Global
Data Group.

The present section, particularly the example problem, is restricted to
the program options and capabilities that are needed for a standard (class 1)
aerodynamic analysis problem. The full capabilities of the PAN AIR system are
discussed elsewhere. The full details of the JCL and the PAPROCS procedures
appear in section 5. The full details of the MEC data appear in section 6.
The full details of the DIP data appear in section 7. This includes a
complete description of all DIP records and a 1ist of the options available
for each record.

3.2 Configuration Modeling

The surfaces of both the physical and the wake configurations are
defined by user-specified networks. Each network is defined by a rectangular
array of grid points which define quadrilateral (or in special cases
triangular) panels.

The division of the configuration into networks is somewhat arbitrary.
It is restricted by rules which are described in section B.1.1. The basic
rule is that a network should generally correspond to a physically meaningful
part of the total configuration.

The indexing scheme used for n~tworks is based on the user-defined
rectangular array of grid points which are the corner points of the
quadrilateral panels. The network size is defined by the numbers of rows (M)
and columns (N) of grid points. Using the input grid points, PAN AIR defines
(M-1) rows and (N-1) columns of panels. The identification of the rows and
columns, and the network edge indexing scheme follows from the order in which
the array of grid points is specified. The first column corresponds to the
first set of grid points that are input, that is, points 1 through 3 in figure
3.2. This first column of (three) points also defines the (three) rows of the
array. The second column of points is then input in the order of the rows,
and so forth until the array is complete. The resulting alignment of the rows
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and columns, the indexing of the network edges, and the indexing of the (six)
panels are illustrated in figure 3.2. The ordering of the user-specified grid
points can be interpreted as follows: the first column of points forms
network edge four, being ordered from network edge one to network edge three.
The other columns of points are input in the same order, with the last column
forming network edge two.

The direction of increasing row numbers is called the M direction and
the direction of increasing column numbers is called the N direction (figure
3.2). The direction NxM defines the positive direction of the network and
panel unit normal vectors n. This in turn defines the "upper" and "lower"
surfaces of the network, with the convention that the normal vector points
outward from the upper surface. This definition is very important since PAN
AIR requires the specification of boundary conditions on both the upper and
lower surfaces of the network, and the program output is identified by upper
and lower surface labels. The network upper surface can also be determined in
the following manner: 1if the viewer looks at the upper surface, figure 3.2
for example, then the network edge indices are in a counter-clockwise order;
the normal vector points toward the viewer.

3.3 Impermeable Surface Mass Flux Analysis (Class 1) Boundary Conditions

This group of boundary conditions is the basic aerodynamic analysis
problem for an impermeable surface. In the PAN AIR formulation the
corresponding boundary condition is that of no mass flux flowing through the
surface, or equivalently, a zero value of the total mass flux component normal
to the surface.

3.3.1 General Properties

The total mass flux is the sum of the total onset flow velocity and the
perturbation mass flux, that is,

W= UO +w (3.3.1)

In the standard case the total onset flow velocity U& is equal to the

uniform onset flow velocity Uw specified by the speed of the freestream
flow and by the angles of attack, « , and sideslip, 8. In general the
total onset flow can also include contributions from a rotational onset flow
and local onset flows, as described in section B.2.2.

For incompressible flow, the perturbation mass flux is equal to the
perturbation velocity; the mass flux boundary condition is then equivalent to
that of zero normal velocity at the surface. The reason mass flux, rather
than velocity, boundary conditions are used for standard analysis problems is
discussed in sections 5.4 and B.0 of the Theory Document. Mass flux boundary
conditions are described further in sections B.3.2 of this document. Velocity
boundary conditions can be specified in PAN AIR by using class 1, class 4 or
class 5 boundary conditions, see figure 7.4 and section B.3.l.
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For class 1, subclasses 1-3, boundary conditions (non-wake, mass flux
jmpermeable networks) there are two boundary condition equations. The first
equation specifies the source strength directly. This equation is applied
only at the control points at each panel center. The second boundary
condition equation is also applied at the control points at each panel
center. At the control points located on the network edges only one equation
is applied: either the second boundary condition equation or a condition of
doublet strength matching with abutting network edges. The latter condition
assures continuity of doublet strength at network edges. The above process
occurs automatically when the user has specified that class 1 boundary
conditions are to be used.

3.3.2 Subclasses

The class 1 boundary conditions are grouped into twelve subclasses. The
first five are listed in table 3.1 (also figure 7.4). These are the
subclasses with which a beginning user should be concerned. (The remaining
seven subclasses are shown in figure 7.4 and discussed in section B.3.1.) The
boundary conditions are applied to three types of configurations: thick
bodies (subclasses 1 and 2), thin bodies (subclass 3), and wakes {subclasses 4
and 5). The boundary condition equations are described below for each
subclass. The equations for subclasses 1 through 3 are special cases of those
used in the corresponding subclasses of class 2 boundary conditions,
“Specified Normal Mass Flux Analysis", which are described in section B.3.2.
An extended discussion of the mathematical properties and the pitfalls related
to specification of boundary conditions, particularly when one singularity
strength is specified directly, is given in section A.3.

3.3.2.1 Class 1 - Subclass 1 (UPPER)

This boundary condition subclass is for an impermeable surface of a thick
configuration in which the network's upper surface is exposed to the external
flow field. This situation corresponds to the bottom network of figure 3.3.
The boundary condition equations used by the program are

—

o=-T e n (3.3.2a)
¢ =0 ‘ (3.3.2b)

where ¢ 1is the source strength and ¢L is the perturbation velocity

potential at the lower surface of the network. It is shown in section B.3.2
that the boundary condition equations (3.3.2a) and (3.3.2b) are equivalent to
the condition of zero total mass flux normal to the upper surface.

This boundary condition subclass produces the condition of flow parallel
to a surface enveloping a nonphysical domain of finite volume. For subsonic
flows the configuration surface (formed from one or more networks) must be,
strictly speaking, closed as demanded by existence and uniqueness requirements
of the Prandtl-Glauert equation. Thus the surface can have no "holes".
Details such as wing tips must be closed by panels. (In practice it is
sometimes possible to have small holes in a surface which cause only localized
distortion of the flow field in subsonic flow.)
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Subclass* Subclass Description

1 - UPPER Impermeable Upper Surface

2 - LOMWER Impermeable Lower Surface

3 - AVERAGE Impermeable Average (Cambered) Surface
4 - WAKE 1 Wake 1 (with spanwise variation of

doublet strength)

5 - WAKE 2 Wake 2 (with constant doublet strength)

* Pprogram Index-Keyword

Table 3.1 Subclasses 1-5 for class 1 boundary conditions

3.3.2.2 Class 1 - Subclass 2 (LOWER)

This boundary condition subclass is the counterpart of subclass 1 and is
used when the lower surface of a network of a thick configuration is exposed
to the external fiow field. The top network of figure 3.3 illustrates this
situation. The boundary condition equations used by the program are

(3.3.3a)

¢U =0 (3.3.3b)

The sign difference between equations (3.3.2a) and (3.3.3a) follows from the
interchange of the upper and lower surfaces.

1
Q
I
1
<
.
3>

3.3.2.3 Class 1 - Subclass 3 (AVERAGE)

This boundary condition subclass is the condition of zero total normal
mass flux on both the upper and lower surfaces of a thin ("average")
configuration as shown in figure 3.4. The boundary condition equations used
by the program are

o=20 (3.3.4a)

— A — A

Wye n=- U0 e (3.3.4b)
where WA = 1/2 (W * W ) is the average (of the upper and lower surface

values) perturbation mass flux at a control point.
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3.3.2.4 Class 1 - Subclass 4 (WAKE 1)

This boundary condition subclass is used for wake networks (type DW1 in
program notation) which are placed behind Tifting surfaces (or wake networks
of the same type). The subclass gives the boundary condition equations of (1)
Zeéro source strength, and (2) doublet strength matching at the specified edge
of the wake network and the abutting edge of the 1ifting surface. For type
DW1 networks the doublet strength can vary in the spanwise direction but is
constant in the (nominally) streamwise direction. These properties cause the
Kutta condition to be satisfied at subsonic trailing edges of 1ifting
surfaces. An example of application of a type DW1 network and the subclass 4
boundary condition is shown in figure 3.5.

The wake network of type DW1 has control points located along only one
edge. These allow the doublet strength matching with the abutting edges of
the upstream network(s). The control points are located on edge 1 of a type
DW1 network; thus the user inputs the DW1 grid points so that the M-direction
points downstream. Also, it is good modeling practice to have matching
paneling of the wake and the upstream networks at the abutting edge.

After becoming comfortable with the subclasses used in this section, new
users should familiarize themselves with the remaining class 1 boundary
conditions. In particular, subclass 12, WAKE 1V, should be used for wing-like
objects, while subclass 4, WAKE 1, should be used for body-like lifting
objects. See section B.3.1.8 for additional discussion on the uses of and
distinctions between the wake boundary conditions.

3.3.2.5 Class 1 - Subclass 5 (WAKE 2)

This boundary condition subclass is used for wake networks (type DWZ in
program notation) which are used to obtain continuity of wake surfaces. The
subclass gives the boundary condition equations of (1) zero source strength,
and (2) constant doublet strength throughout the network. A network with
these boundary conditions is generally located downstream of a non-lifting
surface or located spanwise eijther between a fuselage and a wake of a lifting
surface or between two wake networks. The constant doublet strength is
determined by a matching condition with an abutting wake network.

An application of the type DW2 wake network and the associated subclass 5
boundary condition is shown in figure 3.6. Edge 1 of the DW2 network abuts a
non-lifting surface; edge 4 abuts an adjacent wake network; edge 2 abuts the
image of the DW2 network in the plane of configuration symmetry. The DW2
network has a single control point (i..ated at the corner of edges 1 and 4)
which is used to match the doublet strength with the abutting network. To
insure proper doublet matching and wake system continuity, the DW2 control
point (CP) must 1ie at the intersection of the wing trailing edge and the
inboard edge of the wing wake network, see figure 3.6. Wake system continuity
is discussed further in section B.3.6.1.
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3.4 Example for Class 1 Boundary Conditions

An example of the aerodynamic analysis of a simple configuration shown in
figure 3.7 is described. A complete listing of the input data is given in
figures 3.8 and 3.9. The input data occurs in itwo blocks (figure 3.1) which
are: the control cards and PAPROCS procedures (figure 3.8), and the
engineering input data (figure 3.9) which is read by the DIP (Data Input
Processor) module of PAN AIR.

3.4.1 Control Cards and PAPROCS Procedures

This block of data consists of four control cards as shown in figure 3.8.
The first is the job card and the second is the user card. The form of these
two control cards depends on the operating system of the computer
installation. The other two control cards are necessary to initiate a PAN AIR
run. These cards access and execute the JCL procedure library, PAPROCS,
stored with the PAN AIR software system. These JCL procedures automatically
generate input data for the MEC module and run the PAN AIR system. See
Section 5.2.1 for details.

3.4.2 PAPROCS Input Data

The user specifies the type of run through the PAPROCS procedures. The
procedures perform several functions: they generate all of the job control
cards (JCL) required to solve the problem, they specify the required data
bases by inputs provided to the MEC module, and they begin the solution
process by accessing and executing the MEC module.

An example of the use of one procedure, FINDPF, is shown in figure 3.8.
The first parameter is a run jdentification title used to jdentify the
output. The second parameter specifies that the MEC input data is provided by
the procedure. The next three parameters serve two functions: first, they
specify the data base information, including all identifications required for
the data bases (which is passed to the MEC module). Second, the latter two
parameters indicate where the user's and PAN AIR's respective data sets are to
be found. By default, all data bases will be made permanent. The next to
last parameter instructs PAN AIR to use the capability to check the DIP module
input data before executing the regular solution. The last parameter
indicates that the DQG module is not to be executed. The use of FINDPF
implies that a regular potential flow solution is requested. For details
refer to section 5.

3.4.3 General Information for DIP Module

The complete input data for the DIP module are described in section 7;
only the input records and options needed for a standard aerodynamic analysis
problem are described in the present section.
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The DIP input records are of three basic types. First, an instruction
record consists of a "primary keyword" which identifies the instruction being
specified. Second, an instruction-parameter record consists of a primary
keyword, followed by an equal sign, followed by one or more "secondary
keywords" which specify particular options, or by a user-supplied name, or by
numerical data, or by a combination of the three. Third, a data record
consists of numerical data only.

In most cases one DIP input record is one 80 character computer card. If
an input record is particularly Tong, it can be continued onto several cards:
"record continuation" is indicated by a plus (+) as the last character on a
card. Record continuation is usually not required for data records.

User comments can be included in the DIP input data in either of two
formats. Cards beginning with the symbol / are comment cards, which are
ignored by the DIP module. Also, the symbol / is an optional terminator for
input records; all information after this symbol is ignored.

A default is the instruction, option, or data assigned by the DIP module
when the user omits part or all of an input record. In PAN AIR many of the
records associated with specialized features or applications have defaults
designed for standard cases. In the present case several of the DIP input
records shown in figure 3.9 could have been omitted; these are labeled DEFAULT
in the input listing.

3.4.4 Configuration

For the example of an aerodynamic analysis problem, the configuration is a
triangular delta wing with a double wedge symmetric airfoil section, figure
3.7. The configuration is modeled by three networks: one for the top of the
wing, one for the bottom of the wing and one for the wake. The boundary
conditions on the wing networks are class 1 and either subclass 1 or 2,
depending on whether the upper or lower surface of the network is exposed to
the external flow.

The input data, primarily the configuration geometry, are specified in the
reference coordinate system. The PAN AIR implied reference coordinate system
is used: Xo positive aft, Yo positive right and z, positive up on the

configuration. The compressibility coordinate system is specified to coincide
with the reference coordinate system (see section B.2.1). The flow is
supersonic at Mach 2.0. The uniform onset flow speed is specified to have a
unit value; this can be done since the Prandtl-Glauert equation is linear.

3.4.5 DIP Input Data

The input data for the DIP module are lTisted in figure 3.9. The
identifying numbers of the records used for the example configuration are
included as comments. (A list of identifying numbers and names of all PAN AIR
records is given in section 7.2.2.) Individual records are organized by data
groups; the records are described in sections 7.3 to 7.7. The function of
each record listed in figure 3.9 is described below.
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Record G1. This record identifies the start of the Global Data Group, which
specifies global conditions of the problem, such as possible symmetries, com-
pressibility data and solution data. The records can also specify default
options for subsequent calculations, but these are mostly deferred to the Flow

Properties Data Group in the present example.

Record G2. This record gives the problem identification (PID) title.
Record G3. This record gives the user identification (UID) title.

Record G4. This record specifies the configuration and flow symmetries. In
this example there is one plane of configuration symmetry (FIRST-PLANE), with
normal vector parallel to the Yo -axis (components 0. 1. 0.) and located at

the origin (coordinates 0. 0. 0.); the flow may be asymmetric
(ASYMMETRIC-FLOW) with respect to the plane of configuration symmetry. Since
the configuration is symmetric with respect to the Xo “Zo plane, only the

Yo > 0 half of the configuration is input (record sets N2).

Record G5. This record specifies the compressibility data. The Mach number
of the uniform onset flow is 2.0. CALPHA and CBETA are angles (in degrees)
specifying the transformation between the reference and the compressibility
coordinate systems (see section B.2.1). With zero values for the two angles,
these two coordinate systems coincide and Mach cones are centered about axes
parallel to the xo—axis.

Record Set G6. This record set specifies the “solution" data. The first
record identifies the quantities specified: angle of attack (ALPHA), angle of
sideslip (BETA), uniform onset flow velocity (UINF), and an alphanumeric
solution identification name (SID). The next two records specify the data for
two solutions. The first solution has one degree angle of attack and a unit
uniform onset flow velocity. The second solution has one degree angle of
sideslip and a unit uniform onset flow velocity. (PAN AIR will solve the flow
problems for all specified solutions. The user can select subsequently from
these solutions when specifying post-solution calculations of surface flow
properties and/or forces and moments.)

Record G7. This record specifies a tolerance distance of .001 for the auto-
matic geometric edge matching process. If any network edges are separated by
an amount less than this tolerance distance, a network edge abutment is
automatically defined and the doublet strength matching condition is applied
to the edges in the abutment (see section B.3.5).

Record G17. This record turns on all optional printout. This printout is
very usefu] for checking out the problem formulation and data preparation.

Record N1. This record identifies the start of the Network Data Group, which
specifies the geometric and boundary condition data for the independent
networks. (In the present configuration there are three .networks.)

Record Set N2. This record set specifies the first network, which represents
the top half of the wing. Record N2A identifies the network data, gives the
user-specified alphanumeric network identification name (WING-TOP), and

specifies the panel array as having 3 rows and 4 columns of grid points (thus
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Z rows and 3 columns of panels). Record N2B gives the coordinates of the 12
grid points; figure 3.7 shows the network planform and the grid point
ordering. The first column of points was (arbitrarily) chosen to be at the
wing root, and the points are entered in the direction of increasing X5 this

defines the M-direction shown in figure 3.7. The second, third, and fourth
columns of points are entered in the same fashion, moving from root to tip and
thus defining the N-direction. Note that there are three grid points input at
the pointed tip, even though they have identical_coordinates (1.5, 1.5, 0.0).
The positive unit normal is in the direction of NxM and thus points downward
into the interior, nonphysical flow field enclosed by the wing boundary. Thus
the Tower surface of the network is exposed to the physical flow field.

Record N9. This record specifies the boundary condition: class 1, subclass
[OWER (or 2). Since the input grid array defines the network surface normal
vector as pointing downward, the lower surface is exposed to the external flow
field. Thus subclass LOWER boundary conditions are required for this network.

Record Set N2. This record set specifies the second network, which represents
the bottom half of the wing. Record N2A gives the user-specified alphanumeric
network identification name (WING-BOTTOM), and specifies the panel array as
having 3 rows and 4 columns of grid points. Record N2B gives the coordinates
of the 12 grid points, see figure 3.7. These grid points are entered in the
same order as for network WING-TOP. Thus the normal vector points downward,
which for the present network is pointing into the physical, external flow
field (see figure 3.7). Thus the upper surface of the network is exposed to

the physical flow field.

Record N9. This record specifies the boundary condition: class 1, subclass
UPPER (or 1). Since the input grid array defines the network surface normal

vector as pointing downward, the upper surface is exposed to the external flow
field. Thus subclass UPPER boundary conditions are required for this network.

Record Set N2. This record set specifies the third network, which represents
the wing wake. Record N2A gives the user-specified alphanumeric network
jdentification name (WING-WAKE), and specifies the panel array as having 2
rows and 4 columns of grid points. Record N2B gives the coordinates of the 8
grid points, see figure 3.7. The ordering of the grid points results in the
leading edge being edge number 1. Thus the wake network control points are in
the correct position. (In the present case with a supersonic wing trailing
edge, the length of the wake network is not important.)

Record N9. This record specifies a class 1, subclass WAKE 1 (or 4) boundary
condition since the wake network is type DW1. This type allows spanwise (but
not streamwise) variation of the doublet strength which in turn allows

trailing vorticity to be shed from th. «ing.

Comment: The specified configuration is closed as required by good modeling
practice. At this point two solutions and three networks have been
specified. In the subsequent records, the solutions and the networks can be
identified either by their alphanumeric identification names or by the
corresponding integer indices defined by the program. The indices are
assigned sequentially in the order in which the solutions and networks are
input by the user. The names and indices are summarized in table 3.2.
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Geometric Edge Matching Data Group. The records in this data group are
omitted since all network edge abutments will be defined automatically. (A1l
abutting edges coincide exactly and thus meet the geometric edge matching
tolerance which was set to .001 in record G7.) The condition of doublet
strength matching will be applied between the abutting edges.

Record FP1. This record identifies the start of the Flow Properties Data
Group, which specifies options for several types of post-solution

calculations, that is, calculations that occur after solution of equation
(A.3.5) for the singularity strengths. The FP1 record is followed by one or
more "cases" involving calculation of the surface flow properties (SF

records), field flow properties (FF records) and/or forces and moments (FM
records). In the present example there is one case of the first and last type.

Record SF1. This record identifies a case of surface flow properties
calculations. An alphanumeric case identification name (SF-CASE-A) is
specified. This name or the corresponding integer index (see table 3.2) is
used to identify the case in the output. A1l the following SF records are for

this case.

Record SF2. This record identifies the networks for which surface flow
properties are to be calculated for SF-CASE-A. The networks are (1) the
network WING-TOP, both the input network (INPUT) and its image network (1ST)
in the plane of symmetry, and (2) the network WING-BOTTOM, both the input
network (INPUT) and its image network (1ST) in the plane of symmetry. The +
sign on the first card indicates that the record is continued onto the second
card.

Record SF3. This record tells PAN AIR to calculate the surface flow
properties for both the 1-DEGREE-ALPHA and the 1-DEGREE-BETA solutions defined
in record G6. This record could have been omitted since it specifies the

default condition: all defined solutions.

ID Name ID Index
Solutions 1-DEGREE-ALPHA 1
1-DEGREE-BETA 2
Networks WING-TOP 1
WING-BOTTOM 2
WING-WAKE 3
Surface Flow Properties
Cases SF-CASE-A 1
Forces and Moments
Cases FM-CASE-A 1

Table 3.2 Solutions, networks and post-solution cases for example
of figures 3.8 and 3.9
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Record SF4A. This record tells PAN AIR to calculate the surface flow
properties at ALL-CONTROL-POINTS of the networks (and images) specified in
record SF2.

Record SF5. This record tells PAN AIR to calculate the flow properties on the
UPPER and LOWER surfaces of the networks (and images) selected in record SF2.
Since the lower surface of the WING-TOP network is exposed to the external
flow field, the LOWER surface output for WING-TOP will give the velocities and
pressure coefficients of physical interest. Similarly since the upper surface
of the WING-BOTTOM network is exposed to the external flow field, the UPPER
surface output for WING-BOTTOM will give the velocities and pressure
coefficients of physical interest.

Comment: To simplify the interpretation of the surface flow properties (and
forces and moments) output, it is good practice to have the same surface (say,
UPPER) of each network exposed to the external flow. Then the physical flow
properties will always be printed under the same headigg. This can be_done by
choosing the directions of grid point input such that n (defined by NxM)
always points into the exterior flow field. For example, the direction of n
for the network WING-TOP can be reversed from that shown in figure 3.7 by
entering the grid points from trailing edge to leading edge, root to tip; this
reverses the direction of M (but not N) so that the direction NxM (and h) is
reversed, and the upper surface is exposed to the external flow field. The
disadvantage of this approach is that it prevents one from using a consistent
input ordering scheme. To avoid this conflict, PAN AIR provides the user with
a REVERSE option on record SF2. When this option is specified, PAN AIR
reverses the upper and lower surface of the selected network(s) for
calculations done by the PDP module (similarly with record FM8 for the CDP
module). The REVERSE option does not affect program results computed prior to
the PDP and CDP modules. For example, the unit normal ﬁ,_wﬁpse components are
printed by the DQG module, is always in the direction of NxM, whether or not
the REVERSE option is used. Similarly, the proper choice between subclass 1
and 2 boundary conditions is still based on the original (that is, unreversed)
upper and lower surfaces defined by NxM. The REVERSE option is illustrated by
the force and moment case (FM records) which follows the SF records.

Record SF6. This record specifies the method used for the velocity computa-
Tions. 1In this case the velocities are to be calculated from the boundary
conditions, see section B.4.1. This record could have been omitted since it
specifies the default condition.

Record Set SF10. This record set specifies the quantities to be printed by
the PDP module and is also used to select associated computation options.
Record SF10A specifies ALL available printout options, see table 7.9. Record
SF10C specifies that the ISENTROPIC and LINEAR rules be used in computing the
pressure coefficients, see section B.4.2.

Record FM1. This record tells PAN AIR that one or more "cases" of force and
moment calculations are to be run, (It also indicates completion of the input
data for the previous surface flow properties case.)
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Record FM3. This record specifies the axis systems in which the force and
moment coefficients are to be expressed in the output. Two axis systems are
specified: the reference coordinate system (RCS), and the wind axis system
(WAS) which is defined from the reference coordinates by rotations of (minus
one times) the angles of attack and sideslip for each solution. In both
systems the moment reference point is the origin (coordinates 0. 0. 0.). This
record could have been omitted since it specifies the default condition.

Record FM4. This record tells PAN AIR to compute the force and moment
Coefficients for both the 1-DEGREE-ALPHA and the 1-DEGREE-BETA solutions
defined in record G6. This record could have been omitted since it specifies
the default condition: all defined solutions.

Record FM5. This record specifies the options for the force and moment
coefficients to be calculated and printed. The force and moment coefficients
for each column (COLSUM) of panels for each specified network are to be
printed; the quantities are to be expressed in the reference coordinate system
(RCS) only. Also, the force and moment coefficients for each specified
network (NETWORK) and for the configuration of networks (CONFIGURATION)
specified (by record FM8) in each "case" are to be printed; the quantities are
to be expressed in all coordinate systems specified in record FM3. This
record could have been omitted since it specifies the default condition.

Comment: The preceding FM records establish general conditions, including
several defaults, for the "cases" of force and moment calculations specified
in the subsequent records.

Record FM7. This record identifies one case of force and moment
calculations. An alphanumeric case identification name (FM-CASE-A) is
specified. This name or the corresponding integer index (see table 3.2) is
used to identify the case in the output. The following FM records are for
this case.

Record FM8. This record identifies the networks and images for which force
and moment coefficients are to be calculated for FM-CASE-A. The networks and
images consist of (1) the network WING-TOP, both the input network (INPUT) and
its image network (1ST) in the plane of symmetry, with the instruction to
REVERSE the normal vector (and thus reverse the identification of the upper
and lower surfaces for this network), and (2) the network WING-BOTTOM, both
the input network (INPUT) and its image network (1ST) in the plane of
symmetry. The + symbol on the first card indicates that the record is
continued onto the second card.

Record FM12. This record tells PAN AIR to calculate the force and moment
coefficients on the UPPER surface for each of the networks (and images)
selected in record FM8. Since the normal vector of the WING-TOP network has
been reversed for this case by record FM8, the UPPER surface of both networks
is exposed to the external flow field and will give the force and moment
coefficients of physical interest. This record could have been omitted since
it specifies the default condition.
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Record FM13. This record specifies the method used for the velocity computa-
tions. In this case the velocities are to be calculated from the boundary
conditions, see section B.4.1. This record could have been omitted since it
specifies the default condition.

Record FM16. This record specifies that the ISENTROPIC and LINEAR rules will
be used in computing the pressure coefficients, see section B.4.2.

Final Record. This record indicates the completion of the DIP input data.
(Tt also indicates completion of the input data for the previous forces and
moments case.)

Alternative. The present example allows an alternative way of defining the
geometric configuration. The configuration has two planes of symmetry
although only one plane (the xo-zc) is specified in record G4. If the second

plane (the xo-yo) were also specified, then the input data for the WING-BOTTOM

network would be omitted. That network would be automatically defined by
reflection in the second plane of symmetry. The resulting normal vector would
be the reverse of that shown in figure 3.7, which also reverses the
identification of the upper and lower surfaces for that network. Records SF2
and FM8 would have to be changed accordingly; the former WING-BOTTOM network
would now be specified as additional images of the WING-TOP network.

3.4.6 Printed Output Data

The printed output from a standard PAN AIR run consists of two types of
data. The first type is the checkout information which is printed by the MEC
module and by the program modules (in the standard order of execution) DIP
through MDG. The second type is the surface flow properties data printed by
the PDP module, the field flow properties printed by the FDP module and the
forces and moments data printed by the CDP module. The printed output for the
checkout information, PDP, and CDP is described briefly below. The FDP output
is described in section 8.1. In addition most modules of PAN AIR generate
data bases which may be accessed by the user. The PPP module allows the user
to sort geometry data from the DQG module, surface flow properties data from
the PDP module, and forces and moments data from the CDP module. The FDP
module creates its plot file directly. These sets of data are sorted into a
form which can be used by plotting programs (not part of PAN AIR) and can be
printed by the user. This program fe~*ure is not described in the present
example (see description of the PPP module output in section 8).

Checkout information is printed by each program. The MEC program always
prints (“echos") its input data and prints some data base information. The
modules DIP and DQG print checkout information which is controlled by the user
(record G17). Each module will print warning messages, if any when requested
by the user. Error messages are always printed. In the present example the
DIP module "echos" all of its input records. The DQG module will print
various grid point, control point and network abutment data, which are
identified in the printed output.
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Some of the printed output from the PDP module is shown in figure 3.10.
The first page, figure 3.10a, gives three user-supplied identification titles
(one in the MEC data and two in the DIP data) and some general problem
information specified by the user. The second page, figure 3.10b, describes
the first case of calculated surface flow properties, including the options
selected for the case in the surface flow properties data subgroup. This page
is printed at the beginning of the data for each case.

The third page, figure 3.10c, and several similar subsequent pages show
the requested flow quantities for the case. The heading information
jdentifies the case, network, its image and orientation (RETAIN, that is, as
input, or REVERSE). Several computation options selected by the user for this
case are also identified. The flow properties are then printed for the
requested points. The points (either control or grid points) are indexed in
the manner of the “enriched (or fine) grid points," shown in the exampie of
figure 3.11. The flow quantities are then listed. The flow quantities on
both the upper and lower network surfaces are printed as requested in the
example problem. Note that the flow properties on the upper surface are those
of undisturbed flow, since the upper surface is not exposed to the physical
f]oz field, figure 3.7, and thus has the perturbation stagnation boundary
condition.

Some of the printed output from the CDP module is shown in figure 3.12.
The first page, figure 3.12a, describes the first case of calculated forces
and moments, including the options selected for the case in the forces and
moments data subgroup. The second page, figure 3.12b, gives three
user-supplied identification titles and some general problem information. The
third page, figure 3.12c, gives additional information on the selected
options, including descriptions of the selected axis systems for the force and
momint)coefficients: RCS (reference coordinate system) and WAS (wind axis
system).

The fourth page, figure 3.12d, and several similar subsequent pages show
the force and moment coefficients for the case. The heading information
identifies the case, network, network image and orientation (REVERSE in this
example). User-selected computation options are also identified. The force
and moment coefficients are then printed for the requested panels, column of
panels, networks, and configuration (which is the total for a case), for the
requested axis systems and for the requested pressure coefficient rules. The

panel and panel-column indexing scheme is shown in figure 3.2.

The information in figure 3.12 is repeated for all cases specified in the
forces and moments data subgroup. In each case an accumulation record may be
included which instructs the CDP module to add the force and moment
coefficients (for only one set of computation options) to an accumulation
total. If at least one accumulation is requested, then the accumulation total
is printed as an additional case after the printed output for all other cases.
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Figure 3.2 Illustration of input ordering of panel corner points,
indexing of network edges, and indexing of panels.
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Figure 3.5 Example of use of DW1 wake network and class 1,
subclass 4 or 12 boundary conditions
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JOB,JN=JOBNAME ,T=20.
ACCOUNT ,AC=ACNAME ,US=USRNAME , UPW=USERPW.
*

ACCESS(DN=§PROCS, PDN=PAPROCS , ID=VRSN30)

FINDPF(RID=(RID='VALIDATION CASE ABC - CLASS 1 BOUNDARY CONDITIONS'),~
MECIN,A=ABC,ID=USERID,MID=VRSN30,CHECK ,DQG=0)
/EOF

where VRSN30 is the CRAY ID under which all PAN AIR modules and data base

master definitions are stored and USERID is the CRAY ID under which any user
data sets are stored.

Figure 3.8 - Listing of control cards and JCL
for example problem
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/ GLOBAL DATA GROUP COMMENT CARD

BEGIN GLOBAL DATA /Gl

PID=THICK DELTA WING WITH CLASS 1 BOUNDARY CONDITIONS

UID=USER IDENTIFICATION

CONF IGURATION=F IRST-PLANE,0. 1. 0.,0. 0. 0.,ASYMMETRIC-FLOW /G4
MACH=2.0 CALPHA=0. CBETA=0. /G5

ALPHA  BETA UINF SID /G6

1.0 0.0 1.0 1-DEGREE-ALPHA /G6.1

0.0 1.0 1.0 1-DEGREE-BETA  /G6.2

TOLERANCE FOR GEOMETRIC EDGE MATCHING=.001  /G7

CHECKOUT PRINTS = ALL /Gl7

/ NETWORK DATA GROUP

BEGIN NETWORK DATA /N1 —=——INSTRUCTION RECORD .
NETWORK=WING-TOP, 3, 4, NEW /N2A ~—— INSTRUCTION-PARAMETER RECORD

0.00 0.00 0.00, 0.75 0.00 +0.03, 1.50 0.00 0.00,
0.50 0.50 0.00, 1.00 0.50 +0.02, 1.50 0.50 0.00, DATA RECORDS

1.00 1.00 0.00, 1.25 1.00 +0.01, 1.50 1.00 0.00, (COMMAS ARE
1.50 1.50 0.00, 1.50 1.50 +0.00, 1.50 1.50 0.00 /NZB OPTIONAL )
BOUNDARY CONDITION=1, LOWER /N9
NETWORK=WING-BOTTOM, 3, 4, NEW /N2A
0.00 0.00 0.00, G.75 0.00 -0.03, 1.50 0.00 0.00,
0.50 0.56 0.00, 1.00 0.50 -0.02, 1.50 0.50 0.00,
1.00 1.00 0.00, 1.25 1.00 -0.01, 1.50 1.00 0.00,
1.50 1.50 0.00, 1.50 1.50 -0.00, 1.50 1.50 0.00 /N2B
BOUNDARY CONDITION=1, UPPER /NS
NETWORK=WING-WAKE, 2, 4, NEW /N2A

1.5 0.0 .0, 10. 0.0 .0, 1.5 0.5 .0, 10. 0.5 .0,
1.5 1.0 .0, 10. 1.0 .0, 1.5 1.5 .0, 10. 1.5 .0 /N2B
BOUNDARY CONDITION=1, WAKE 1 /N9
/ GEOMETRIC EDGE MATCHING DATA GROUP - OMITTED
/ FLOW PROPERTIES DATA GROUP
BEGIN FLOW PROPERTIES DATA /FP1
SURFACE FLOW PROPERTIES=SF-CASE-A /SF1
NETWORKS-IMAGES=WING-TOP, INPUT, 1ST +—=————RECORD CONTINUATION
=WING-BOTTOM, INPUT, 1ST /SF2 ONTO A SECOND CARD
SOLUTIONS=1-DEGREE-ALPHA, 1-DEGREE-BETA /SF3-DEFAULT

POINTS=ALL-CONTROL-POINTS /SF4A

SURFACE SELECTION=UPPER, LOWER /SF5

SELECTION OF VELOCITY COMP=BOUNDARY-CONDITION /SF6-DEFAULT
PRINTOUT=ALL /SF10A

PRESSURE COEFFICIENT RULES=ISENTROPIC,LINEAR /SF10C

FORCES AND MOMENTS /FM1

AXIS SYSTEMS=RCS, 0. 0. 0., WAS, 0. 0. O. /FM3-DEFAULT

SOLUTIONS=1-DEGREE-ALPHA, 1-DEGREE-BETA /FM4-DEFAULT

PRINTOUT=COLSUM, RCS, NETWORK, CONFIGURATION /FM5-DEFAULT

CASE=FM-CASE-A /FM7

NETWORKS-IMAGES=WING-TOP, INPUT, 1ST, REVERSE +
=WING-BOTTOM, INPUT, 1ST /FM8

SURFACE SELECTION=UPPER /FM12-DEFAULT

SELECTION OF VELOCITY COMP=BOUNDARY-CONDITION /FM13-DEFAULT

PRESSURE COEFFICIENT RULES=ISENTROPIC,LINEAR /FM16

END PROBLEM DEFINITION

Figure 3.9 - Listing of DIP input data for example problem
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Figure 3.11 - Illustration of indexing
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4.0 System Architecture
4.1 Software Overview

PAN AIR is a modular software system. The modules of the system are
nstandalone" programs, each with its own well defined function.

Execution of the individual programs is controlled by a CRAY procedure
library, PAPROCS, which interprets user directives and generates control cards
to execute the programs in the proper sequence (see section 5).

The individual programs are connected only by the data passing between
them. SDMS, a Scientific Data Management System (see Maintenance Document,
section 14), is used to define the format of the data and handle the transfer
of information between the programs and disk.

The PAN AIR modules are 1isted below.

MEC Module Execution Control

DIP Data Input Processor

DQG Defining Quéntities Generator
MAG Matrix Generator

RMS Real Matrix Solver

RHS Right Hand Side Generator
MDG Minimal Data Generator

PDP Point Data Processor

FDP Field Data Processor

CDP Configuration Data Processor
PPP Print/Plot Processor

PAPROCS and the MEC module are discussed in section 4.4. The purpose,
data requirements, and processing steps of each other PAN AIR module are
described in section 4.2. Figure 4.1 displays the relationship of PAN AIR
with the data bases and shows the normal external communication. Figure 4.2
shows the standard execution sequence(s) for the programs.

Except for the FDP, PPP and MAG modules, each module produces a single
permanent data base having a default name which is the name of the module
creating it. The data base created by the MAG module is named MAK. Modules
FDP and PPP do not produce any database files. Instead they produce several
output files for use in plotting and/or printing selected data.

4-1
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Section 4.3.2 describes the flow of data base information between PAN
AIR programs for different solution options. Section 8.3 discusses the format
and content of the data bases.

4.2 Technical Modules of PAN AIR

The following sections describe the individual PAN AIR modules in terms

of:
1. Purpose
2. Tasks performed (and major options)
3. Input data
4, Output data

More detail is given on input and output data in sections 7 and 8.
PAPROCS 1is described in sections 4.4 and 5. The MEC module is described in
sections 4.4 and 6. Inp addition, the design of each program is described in a
separate document, the Maintenance Document.

4.2.1 DIP - Data Input Processor

4.2.1.1 Purpose

The DIP module reads user input data which descripe the PAN AIR problem
and stores the data on the DIP data base.

4.2.1.2 Tasks Performed

Following the execution of the MEC module, the DIP module accesses the
MEC data base to read the type of PAN AIR problem to be run. From this
dataset, DIP can determine whether a new or updated data base is to be created
from the inputs. The possible options, described in detail in sections 4.3.2
and 7.2.3, are as follows:

1. Creation run - no preexisting data base;

2. Post processing run - use existing data base and add PDP, FDP,
CDP and PPP directives to it;

3. Solution update run - use existing data base and update only
“solution data"; and

q, IC update run - use existing data base and update geometric data.
The input data are read in free field format from card images. Each

card image is read, printed and processed. The data are organized and stored

on the DIP data base. The initial input data for DIP should contain global
data to describe the boundary value problem and global defaults, network data

4-2



to describe the surface definition and boundary conditions, and the geometric
edge matching data to describe network edge matching. The above data
(original or updated) are required for solving a potential flow solution.

The post processing input data for DIP may contain post-solution
calculation cases and data base output directives. Both of these types of
data require a preexisting DIP data base plus the results of a potential flow
solution on the data base produced by the MDG module.

4,2.1.3 1Input Data

The DIP module reads data in card form or from a card image file
created by the user, and also reads from the MEC database created during the
execution of the MEC module. See section 7 for detailed information on the

user-defined DIP input data (e.g., input options, syntax, etc.).
4.2.1.4 Output Data

The output data consist of printouts and a DIP data base. The printed
data consists of the input data and error diagnostic information. For details
of the output data, the reader is referred to section 8.1.2.

4.2.2 DQG - Defining Quantities Generator
4.2.2.1 Purpose

The Defining Quantities Generator module computes and defines a large
number of intermediate quantities required for solution of the potential flow
problem. These quantities fall into three classes: control data, geometrical
data and boundary condition data.

The control data consists of indices of all singularity parameters and
control points in the configuration as well as an indication of those
singularity parameters that are "known" and those singularity parameters and
control points that are "null," (i.e., not used to solve the problem).

The geometrical data includes descriptions of network abutments and
abutment intersections, the coefficients of the source and doublet splines
that define the singularity strengths over the surfaces of the networks and
those geometrical properties of panels which are required to compute the AIC
matrix in the MAG module.

The boundary condition data processing includes assignment of user
specified boundary conditions as well as automatic imposition of doublet
matching conditions at network boundaries.



A1l of the data are stored on the DQG data base. A sizable amount of
printed data is available to the user through the selection of certain print
options in the input to DIP (record G17).

DQG also analyzes the configuration for many types of errors which may
lead to an erroneous or singular solution and produces diagnostic information
that the user might use to correct his input to DIP. (See section 8.1.12.3.)

4,2.2.2 Tasks Performed

The basic tasks of DQG are performed in the six primary overlays of
DQG. (A seventh primary overlay performs some useful but perfunctory
communication to the user.) In the first overlay, data from the DIP data base
are read, copied and (in some cases) transcribed onto the DQG data base. In
the second overlay, the data associated with individual networks are defined.
Also included are error checks on network size and indexing of singularity
parameters and control points. The third overlay of DQG deals with the
inter-relationship of networks with each other: abutments and abutment
intersections. User defined abutments are imposed and a search is made for
any additional abutments in the configuration. A determination is made of
network edges and corner points where doublet matching boundary conditions
will be imposed. If additional paneling is required to fill in gaps between
network edges, gap filling panels are generated. Also network overlaps are
found, if any, and diagnostics are given as printed output. The fourth
overlay assigns the appropriate number and type of boundary conditions at each
control point in the configuration. The fifth overlay constructs the source
and doublet splines over the network surfaces. The sixth overlay computes
panel geometrical data, assembles matrices describing source and doublet
strength over the surface of the panel and computes the moments of source and
doublet strength over the surface of the panel. The seventh overlay produces
printed output of control point data and boundary condition data.

4.2.2.3 Input Data

A1l input data to DQG comes from the DIP data base. The input data
consists of global properties of the problem (Mach number, compressibility
vector, number of networks), network data (size of network, singularity and
edge types), geometrical data (panel corner point coordinates, user described

abutment data) and boundary conditions that the user wishes to impose at
control points.

4.2.2.4 Output Data

The major output produced by DQG is a data base. Some of the data base
information is accessible to the user through the execution of module PPP but
for the most part the information stored on the data base is not essential to
the user. If access to this data is desired, the user must write his own
FORTRAN program to call the appropriate SDMS routines which will transfer the
data from the disk. An example of such a program is shown in section 1-A of
the Maintenance Document. See also section 14 of the Maintenance Document.
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DQG analyzes the user's configuration for many kinds of errors which
might affect the accuracy of the solution. Diagnostic information provided to
the user consists of fatal error messages and warning messages. When an error
occurs in a DQG overlay, that overlay will complete its operations (as much as
possible) but subsequent overlays will not be executed. However, if during
the execution of an overlay more than ten errors accumulate, no more process-
ing in that overlay will occur, and the program will terminate execution.

In addition, there are several user-selectable options (record G17) for
printed output. These include warning messages, network corner point
coordinates, network enriched grid point coordinates, empty space abutment
descriptions, descriptions of all abutments, control point data, and boundary
condition data. After each overlay, the CPU time expended for the execution
of that overlay is printed.

4,2.3 MAG - Matrix Generator
4.2.3.1 Purpose

The Matrix Generator module uses output from the DQG data base to
generate influence coefficients, incorporate symmetry constraints, assemble
the influence coefficient (IC) matrix, and perform operations related to the
transformation of the boundary value problem into systems of simultaneous
linear equations.

4.2.3.2 Tasks Performed

The singularity and control point data from DQG are grouped into the
catagories of updateable and non-updateable. In addition, the singularity
data are further divided into known and unknown partitions. The new grouping
of data is put into two directories relating DQG data and MAG data. The
directories are stored in the MAK data base. A number of matrices are formed
from the DQG data. First, the panel geometry specifications and the
reformatted control point data are obtained from the DQG and MAK data bases
respectively. The panel influence coefficients (PIC) are then formed from
computations defined in section 4.2.2 and appendix J of the Theory Document.
These PIC matrices are symmetrized to form the entries to the IC matrices.
These IC matrices are stored by column on a temporary data base. Next, the IC
matrices in required row form (up to 5000 words long) are formed from the
column form in which they were stored on the temporary data bases. The
aerodynamic influence coefficients (AIC) are then constructed from the
boundary conditions specified by DQG and the IC matrices. The AIC matrices
which correspond to the known and unknown singularities are stored in the MAK
data base. Finally, the IC's needed by the MDG module are transferred from
the temporary data base to the MAK data base.
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4.2.3.3 Input Data

A1l input data to MAG comes from the DQG data base. It consists of
global data (flow condition), network specifications, control point
specifications, boundary condition specifications, singularity specifications
and panel specification data.
4,2.3.4 Output Data

Very little printed output is provided by MAG. The output consists of
execution error diagnostic information. Also, for a successful run, a summary
of IC (Influence Coefficient) and AIC (Aerodynamic Influence Coefficient)
matrices generated by MAG is printed.

4.2.4 RMS - Real Matrix Solver
4.2.4.1 Purpose

The Real Matrix Solver module decomposes the partition of the AIC
matrix associated with unknown singularity parameters.
4.2.4.2 Tasks Performed —

The RMS matrix solution subroutines operate on the matrices in "blocked
partitioned format." The major tasks of RMS are to block and decompose the
AIC matrices into upper and lower triangular matrices and pivot terms for use
in the solution process in the RHS module.
4.2.4.3 Input Data

The input data for RMS consist of the updateable and/or non-updateable
AIC matrices corresponding to the unknown lambda's (singularity parameters as
shown in the equation in section 2.3.2) from the MAK data base.
4.2.4.4 Output Data

The output data are stored on the RMS data base and consist of the
decomposed AIC matrices and blocking information. The RHS module uses this
data to obtain a solution. If a fatal execution error occurs, printed
diagnostic information is given before the run aborts.
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4.2.5 RHS - Right-Hand-Side Generator
4.2.5.1 Purpose

The RHS module creates the right-hand-side equality constraints for the
linear system of equations defining the aerodynamic problem. The constraints
are formed from the boundary conditions and other known quantities. The
module also obtains the solutions to the linear system for each control point
by forward and backward substitution with the decomposed AIC matrix obtained
from the RMS module.

4,2.5.2 Tasks Performed

The constraint data for the right-hand-side are obtained from the DIP
data base and transformed into a usable form by RHS. The transformed
constraint data are then stored in a temporary data base.

The RHS module also generates the symmetrized right-hand-side matrix
consisting of two partitions; those for the known AIC elements and those for
the unknown. Using matrix partition algebra and backward substitution on the
decomposed AIC matrix, all singularity parameters for all solutions are found.

4,2.5.3 Input Data

The constraint data is obtained from the DIP data base. The data
consist of the network specification, network bulk data, closure conditions,
general boundary condition coefficients and specified flow and local onset
flow information. The directory of the control point and DQG cenversion index
information are obtained from the MAK data base. The boundary condition type
data is obtained from the DQG data base. The blocked and decomposed AIC
matrix is obtained from the RMS data base.

4.2.5.4 Output Data

The RHS module generates a data base. Printed messages consist of
error diagnostics.

4.2.6 MDG - Minimal Data Generator
4.2.6.1 Purpose

The Minimal Data Generator module is the primary interface of the
upstream PAN AIR modules, DIP, DQG, MAG and RHS, with the post processing PAN
AIR modules, PDP, FDP, and CDP. It reads geometry, influence coefficient, and
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singularity data to generate a minimal data base of information at control
point and panel grid point locations. This data, used by PDP, FDP, and CDP,
consist of geometric information and basic flow quantities: source and
doublet singularities, average potential, average mass flux, and in specific
instances, average velocity in three components. All basic flow quantities
are stored on the MDG database for all solutions and, if planes of symmetry
are present, for all distinct images. (See the Theory Document, sections
5.7.2 and K.2-K.6)

The minimal data base generated by MDG enables PDP, FDP, and CDP to
process data without accessing the DQG, MAK, and RHS data bases, and to have
that data available in a convenient format at either control points or panel
grid points for a given image and solution.

4.2.6.2 Tasks Performed

MDG opens and checks the condition of the data bases from DQG, MAG, and
RHS to assure that other upstream modules have executed without errors. It
forms the MDG data base for the global, network-spec, and solution data sets.
For each network, the control points are determined for each panel. The
control point and grid point geometry are output to the MDG data base.

The IC-matrices from the MAK data base and the singularities from the
RHS data base are postmultiplied to form control point values of average
potential, mass flux and velocity in three components if specified by the
user. Singularities are reformatted uniformly and unsymmetrized.

Using spline vectors created by DQG, singularity values are obtained at
nine defining grid points and five defining grid points for doublet and source
singularities respectively on each panel (see figure 4.3). Subpanel splines
are used to calculate singularity values at control points.

At control point locations where IC values were not calculated, values
are calculated from the boundary conditions. If IC's were calculated, the
mass flux is calculated from the inner product of these velocities and the
control point conormal. The values of average potential, mass flux, velocity
éif specified), and singularities at control points are placed on the MDG data

ase.

Potential splines, similiar to DQG doublet analysis splines, are
calculated to produce values of flow quantities at grid points from values at
control points. The same quantities output at control points are output at
grid points on each network.

4.2.6.3 Input Data

MDG receives its data from the DQG, MAK and RHS data bases. From DQG
it reads global data, network data, panel data, spline data, control point
information and boundary condition data. From MAK it reads the IC matricies,
and from RHS the singularities, solution data, right-hand-side values and
symmetry data.
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The DQG global dataset consists of information pertinent to the run
such as the number and order of networks, number of right-hand-side solutions,
Mach number, and number of planes of symmetry. Network data gives the network
size and type of source and doublet singularities on the network. The spline
data consist of source and doublet splines for calculating singularities at
grid point Jocations from the singularity locations. Panel data contain the
geometry quantities stored on the MDG geometry datasets, and the subpanel
splines for splining to control points, plus coordinates and coordinate
transformations. The control point data give the control point index of each
control point from its grid point location and its coordinates. The boundary
condition data indicate which boundary conditions are imposed at each control
point for potential, mass flux and velocity.

The MAK data base contains the influence coefficient (IC) matrices.
These influence coefficients are multiplied by the singularities to give
values at control points of potential, mass flux, and possibly velocity,
depending on the boundary conditions.

The RHS data base has singularities stored by columns (all
singularities for a single solution) and by rows (a set of solutions for each
singularity). The RHS values are used in evaluating the boundary condition
equation for potential and mass flux. The RHS symmetry data determine the
number of images and the RHS/MAG partitioning of singularities.

4.2.6.4 Output Data

The output from MDG consists of a small amount of printed output and
the MDG data base. The printed output consists mainly of error diagnostics if
they occur or a message that a successful run has occured. The content of the
MDG data base is described in section 8.2.7. Briefly, it consists of global,
network, solution, control point geometry, grid point geometry, control point

and grid point singularity and velocity data.

4.2.7 PDP - Point Data Processor
4.2.7.1 Purpose

The Point Data Processor module computes flow quantities at control and
fine grid points on configuration and wake surfaces. PDP also computes these
quantities at arbitrary points on configuration and wake surfaces defined by
the user by providing approximate coordinates. These surface flow quantities
consist of perturbation and total potential, perturbation and total
velocities, perturbation, total and normal mass flux, pressure coefficients
and local Mach numbers for isentropic, linear, second-order, reduced
second-order and slender body approximations.

Each of these user-selected computed data items (record SF10A) is
printed out and/or stored on a permanent data base for later retrieval as
selected by the user. The PDP data base is generated only if data base

storage is requested by the user (record SF11A).
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The user options are available to PDP in the DIP data base and the
configuration geometry and other minimal data are available in the MDG data
base.

4,2.7.2 Tasks Performed

The PDP module gets the processed user input from the DIP data base.
These consist of computation options for potential, velocity, velocity
correction and computation schemes, pressure coefficients and local Mach
numbers. The user can specify several cases of options (a maximum of 100) for
a full PDP run.

The user has the option of requesting a printed output of the computed
quantities for each case. Since the generated data base can be very large,
PDP scans the user options for all the cases and produces a printed report on
estimated disk storage requirements (see section 8.1.8 of this document).

The configuration geometry and a minimal set of velocity data
(perturbation velocities at points computed from the AIC matrices and the
local onset flow velocities, etc.) are available to PDP in the MDG data base.
PDP computes the average and difference velocities at user selected point types
for each selected network, image and solutions and uses these data to compute
the perturbation and total velocities on each selected surface. The velocities
are corrected by PDP by the user selected correction schemes and are then used
to compute pressure coefficients and local Mach numbers for the selected rules
(isentropic, linear, second-order, reduced second-order and slender body).

These flow quantities are written to the output file and/or to the PDP
data base for Tater retrieval by the PPP module.

4,2.7.3 Input Data

The processed user options data for surface and wake flow properties
are provided by the DIP data base.

The minimal set of configuration geometry and velocity data is provided
by the MDG data base. These consist of network geometry for control and grid
points, average potential, average velocity and local onset flow velocities.

4.2.7.4 Output Data

The Point Data Processor generates a data base containing user selected
flow quantities on the configuration body and wake surfaces. The module aliso
produces the flow quantities selected for printing by the user. The printed
output is designed for easy reference of data. The global data for the run
and the selected options for each case are printed out. The run and problem
identification, date of run, network, image, solution indices and the case
numbers are available in the report headers on each page of the output. The
selected flow quantities, potential, velocities, mass flux,
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pressure coefficients and local Mach numbers are printed out for each velocity
correction, velocity computation and surface selected. This is repeated for
each image, network and solution selected by the user.

An estimate of disk storage requirements for a full PDP run is produced
at the beginning of each run.

4.2.8 CDP - Configuration Data Processor
4.2.8.1 Purpose

The Configuration Data Processor is designed to compute forces and
moments, and added mass coefficients on configuration and wake surfaces. The
computed forces and moments, and added mass coefficients, are printed out and/
or stored in a permanent data base for later retrieval as selected by the user.
The CDP permanent data base is generated only if it is requested by the user.

The user options for CDP are obtained from the DIP data base. The
configuration geometry and other minimal data are obtained from the MDG data
base.

4.2.8.2 Tasks Performed

The Configuration Data Processor obtains the processed user input from
the DIP data base. These consist of lists of user selected networks, solu-
tions, axis systems and configuration options for forces and moments. The user
can specify several cases of options (a maximum of 100) for a full CDP run.

The user has the option of requesting printed output and/or CDP data
base storage of the computed forces and moments, and added mass coefficients
data for each case of options. Since the generated data base can be large,
CDP scans the user options for all the cases and prints out the estimated data
storage requirements for a full run.

The configuration geometry and a minimal set of velocity data are
available from the MDG data base. The CDP module computes the average and
difference velocities on the points of each panel, corrects these velocities
according to the user selected correction schemes, and computes the selected
pressure coefficients from the velocity in a user-selected preferred
direction. These pressure coefficients are used to compute forces and moments
on each panel. The edge forces and the corresponding moments are also
computed on user selected network edges.

The computed forces and moments are transformed to user selected axis
systems (a maximum of 4) and printed out and/or stored in the CDP data base
for later retrieval by the user with the PPP module.

The CDP module allows the user to sum forces and moments for all panels

in a column, for a network and for all networks in a configuration. A
configuration consists of all selected networks for a particular case (record
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FM8). In addition the user may request to accumulate forces and moments for
selected configurations of a PAN AIR run (record FM21).

4,2.8.3 Input Data

The processed user option data for computation of forces and moments
are available from the DIP data base.

A minimal set of configuration geometry and velocity data is provided
by the MDG data base. These consist of network geometry for control and grid
points, average velocities and local onset flow velocities (if storage is
requested).

4,2.8.4 Output Data

The Configuration Data Processor generates a data base containing user
selected forces and moments on the configuration body and wake surfaces. The
module also produces the forces and moments data selected for printing by
the user. The global data for the run and the selected options for each case
are also printed out. The run and problem identifica-
tion, date of run, network, image and solution indices, case number and all
identifying labels are provided in each page of the output report. The
computed forces and moments are printed for each velocity correction, velocity
computation, pressure rule, and axis system selected by the user, for each
image, network and solution selected.

4,2.9 PPP - Print/Plot Processor
4,2.9.1 Purpose

The Print Plot Processor module extracts user selected information from
selected PAN AIR data bases and prepares the data in a format suitable for
processing by plot programs external to PAN AIR.
4,2.9.2 Tasks Performed

The PPP module extracts user selected data from the DQG, PDP, and CDP
data bases and reformats the information for use in preparing plot files. The
data are selected from a menu consisting of geometry data from DQG, point data
from PDP, and configuration data from CDP.
4.2.9.3 Input Data

User instructions selecting the data to be processed are read from the
DIP data base. Based upon these instructions PPP reads and creates plot files

from the following data bases:

DIP global data and options selected by user for PPP.
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DQG network geometry (panel corner points only) and global data.

PDP pressures, velocities, mass flux, etc. at control points
for each case for each solution, network, velocity
computation option and velocity correction option selected
by user.

CDP forces and moments for panels, columns of panels, networks
and configurations.

4.2.9.4 Output Data

PPP generates two output items:

0 A printed 1isting describing the information extracted from the
PAN AIR data base(s).

0 Coded files containing the user requested data to be plotted
(geometry from the DQG data base, surface flow data from the PDP
data)base, and force and moment coefficients from the CDP data
base]).

4.2.10 FDP - Field Data Processor
4.2.10.1 Purpose

The Field Data Processor module is designed to compute flow quantities
at designated points off the configuration body and along streamlines in the
flow field. These flow quantities consist of perturbation and total
potential, perturbation and total velocity, perturbation and total mass flux
and pressure coefficients and local Mach numbers for isentropic, 1inear,
second order, reduced second order and slender body approximations. Arc
length and time of traversal are additional flow quantities associated with
streamlines.

Each of these computed data items is printed and/or written to a plot
file for later retrieval by the user. The FDP plot file is generated only if
requested by the user.

The user options are available to FDP in the DIP data base. These
consist of computation options for potential, velocity, velocity correction
and computation schemes, pressure coefficient and local Mach numbers.

The user has the option of requesting a printed output of the computed
quantities for each case.
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4.2.10.2 Tasks Performed

The panel defining quantities and the singularity soiutions are
available to FDP in the MDG data base. For a point off the configuration
surface, FDP uses that data to compute the perturbation and total velocity for
selected solutions. The velocity is corrected by FDP according to user
selected correction schemes and is then used to compute pressure coefficients
and local Mach numbers for the selected rules (isentropic, linear, second
order, reduced second order and slender body). To compute the points along a
velocity or mass flux streamline, FDP uses a predictor-corrector method of
integration. A more detaijled explanation can be found in appendix P of the
Theory Document.

4.2.10.3 Input Data

The processed user option data for computing streamlines and flow
groperties at points off the configuration is available from the DIP data
ase. Global problem data, such as the Mach number and the number of networks,
also comes from the DIP data base. The MDG data base provides the panel
geometry data, such as splines and panel normals, and the calculated singularities.

4.2.10.4 Output Data

The flow properties computed by FDP for offbody points and streamlines
are printed and also written to a plot data file. FDP does not produce an
SDMS data base. The printed output includes a summary for each case and the
status summary for each streamline along with the computed flow quantities.

4.3 System Interfaces
4.3.1 Modes of Input/Output

Figure 4.4 displays the types of data going in and out of the PAN AIR
system. All data used within PAN AIR is originally read by the system from
Cards or a disk file containing card images. The output data is generated in
the following forms:

0 Printed output from each program

0 Data files of plot information from FDP and PPP

0 The SDMS data bases produced by each program

0 The control cards produced by PAPROCS

However, the control cards generated by PAPROCS are executed immediately after
being generated and then normally allowed to disappear. The control cards are
described in section 5.
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4.3,1.1 Card Input Data

Users generate a card deck to run PAN AIR. The deck contains two sets
of records (separated by an "and-of-file" card) as shown in figure 4.5,

The first set of CRAY control cards retrieves the PAPROCS 1ibrary and
executes one or more procedures which execute the proper sequence of PAN AIR
programs. This limited set of control cards is described in section 5.2. The
PAPROCS procedures are also described in Section 5.2.

The PAPROCS procedures produce the user directives read by MEC. The
directives define, for the subsequent modules, the type of problem to be
solved and indicate where the data bases are to be found or stored. The MEC
directives are described in section 6.

The second set is a detailed definition of the model and problem
options. It contains network geometry and boundary conditions, flow options,
solution options and other information to be read by DIP. Some data may be
omitted and the program will assume defaults. Section 3 is a beginner's guide
to the DIP input data and section 7 describes the DIP data in detail.

4,3.1.2 Printed Output

Each PAN AIR module generates some printed output. The output is
labelled to indicate the beginning and end of each module's processing.
Section 8 describes the print options and how to request them.

4.3.1.3 Plot Data File

According to user instructions (described in section 7.7) the PPP
module will extract information from the PAN AIR data bases and generate a
file of data in a format suitable for plotting. The file is described in
section 8.3. Similarly, the FDP module creates a file of data in a format
suitable for plotting according to user instructions (described in section
7.6). The file is described in section 8.3.

4.3.2 Description of PAN AIR Data Flow
4.3.2.1 Check Data Run

PAN AIR has an option to check the input data before a problem is
executed. The MEC, DIP and DQG modules are executed with the option of
omitting DQG and/or adding PPP to obtain a file for plotting the data. Figure
4.6 illustrates the flow. Example 1 of section 8.5 gives the input/output for
a check data run followed by a full PAN AIR run. For this run, the check data
run would execute but the full potential flow problem would not.
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The check data run is an option in all the various types of problems
available in PAPROCS.

4.3.2.2 Standard Potential Flow Problem

The standard potential flow problem executes the modules MEC, DIP, DQG,
MAG, RMS, RHS, MDG, PDP and CDP. In addition one or both of the modules FDP
and PPP may be added. The resulting output from a potential flow problem
could consist of velocity, mass flux, pressure coefficients, force and moment
coefficients and plot data. Figure 4.6 illustrates the data flow.

4.3.2.3 IC-Update Problem

The IC update problem requires execution of the same modules as the
standard potential flow run. However, it is a subsequent run to a standard
run and the data bases DIP, MAK and RMS must be saved and available for the IC
run. Figure 4.7 illustrates the data flow. Section 5.2 discusses the PAPROCS
procedures required for an IC update run. The IC update capability is
described in section 7.2.3.

4.3.2.4 Solution - Update Problem

The solution update problem executes the modules MEC, DIP, RHS, MDG,
PDP and CDP. This type of run finds solutions for the original panel geometry
with new right-hand-side constraints. The field data module, FDP, and the
plotting preparation module, PPP, are optional. Data bases DIP, DQG, MAK and
RMS must be saved from a previous run. Figure 4.8 illustrates the data flow.
Section 5.2 discusses the PAPROCS procedures for this type of run. The
solution update capability is described in section 7.2.3.

4.3.2.5 Post Processing Update Problem

Once a potential flow problem has been run, additional data processing
and plotting may be requested provided that the data bases from DIP and MDG
have been saved. The DIP module does not have to be run again provided all
output requests from PDP, FDP, CDP and PPP have been anticipated in the first
standard run. Otherwise, the DIP module will have to be executed again for a
Post Processing update run. Having the data bases for DIP, MDG, and perhaps,
PDP and/or CDP available, the user may select some combination of the modules
PDP, FDP, CDP, and/or PPP. Figure 4.9 indicates the sequence of computation.
Section 5.2 discusses the PAPROCS procedures required to set up a Post
Processing update run. The Post Processing update run, including optional
updating of the DIP data base, is described in section 7.2.3.
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4.3.2.6 Non-Standard Runs

Non-standard runs of the PAN AIR system may be introduced with the
PAPROCS procedures and the executive commands of the MEC module. These
procedures and commands allow the user to execute any existing module, use
existing data bases and introduce any legitimate control card into the control
card stream. The PAPROCS procedures and the MEC commands are described in
sections 5.2 and 6, respectively.

4.3.3 Accessing Data Produced by PAN AIR
4.3.3.1 Use of Data Bases

Most of the PAN AIR modules generate and maintain one or more data
bases for use by subsequent modules. Saving or purging the appropriate data
bases is controlled by the user options in the PAPROCS procedures. Figure
4.10 illustrates the use of the data bases and their creation sequence. The
table should be read by row. Row 1 shows that the DIP data base was created.
Row 4 shows that the RMS module does not need the DIP, DQG or MAK databases,
but it uses the MAK database and creates the RMS data base.

Data base integrity is maintained by the SDMS module and the status of
each data base (whether usable or not) is maintained by each module.

For those users who require additional output beyond what has been
provided by the options available in PAN AIR, the information is usually
available from one or more of the databases. To access a database created by
a PAN AIR run, the user will have to write a FORTRAN program. An exampie of
such a program is given in section 1-B of the Maintenance Document.

4.3.3.2 Use of PAN AIR Plot Data File

The Field Data module, FDP, and the Print/Piot module, PPP, generate
one, two, three or four formatted plot files that can be used by appropriate
plotting software external to PAN AIR. The contents of these plot files
depends on the user directives and consists usually of four groups of data:

1. 1imited configuration geometry data,

2. surface and wake flow pressure and velocity data,
3. force and moment coefficients data, and

4. field flow pressure, velocity and streamline data.

The geometry data is derived from the DQG data base. PPP retrieves the
surface and wake pressure and velocity data from the PDP data base and the
forces and moments data from the CDP data base selectively as dictated by the
user directives. FDP calculates and optionally stores the field pressure,
velocity and streamline data as dictated by user directives.
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4.4 Module Execution Control

4.4.1 PAN AIR System Execution Philosophy

The modules of the PAN AIR software system must be run in a particular
order to solve each problem. Each module requires large amounts of input data
from previous calculations, other modules or raw data. To simplify the use of
the system some special constraints were imposed on the design. The use of
databases for data communication between and within modules is intended to
alleviate the problems of dealing with massive amounts of input and output
data. While these problems are solved very satisfactorily by this approach, a
few complications are also introduced. The purpose of the PAPROCS library and
the MEC module is to simplify these complications so that the user who desires
to run PAN AIR in a straightforward fashion may do so with minimal concern for
the more esoteric aspects of file handling and control cards.

There are two complications which arise because of the design
constraints. First, since each module is a separate program, appropriate
control cards must be provided to assure that each program is executed in the
proper order to solve the problem. Secondly, the database system, SDMS,
generates four files for each database that is created during the execution of
PAN AIR. This creates a file management problem.

Due to these complications the number of control cards required for
even a fairly simple execution of PAN AIR can easily exceed one hundred,
especially if suitable comments are included in the deck. It would be
impractical for a user to supply such a deck of cards. To ease this problem,
the PAPROCS procedures automatically create control cards to run the PAN AIR
system from a small number of user problem definition options. These control
cards take care of both the execution of PAN AIR modules in correct sequence
and the management of the database files which are created during execution.
(Note that with regard to managing the databases created by a PAN AIR run, the
system design philosophy is such that any databases which are not needed for
execution of the remaining modules are purged. If any of the databases are
required by the user for some special purpose such as an update run, the user
must supply the appropriate PAPROCS procedures and options to save those
databases which are required. Data base requirements for the three types of
updates are defined in sections 4.3.2 and 4.3.3. Section 5 discusses in
detail the appropriate user problem definition and data base manipulation
procedures.)

The overall system architecture is depicted in figure 4,11. PAPROCS
provides the appropriate user directives to the MEC module and the appropriate
control cards for execution. The MEC module produces printed output of user
directives and creates a data base for the other modules. The DIP module uses
the MEC data base and reads in the raw input data for the posed PAN AIR
problem. The DIP module outputs the input data card image and a data base for
the other modules. The PPP module used for print and plot preparation in
conjunction with DIP and the other modules produces tapes used for plotting
purposes. The FDP module optionally produces its own plotfile tape.
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The MEC data base contains the run identification information and data
base information of the other module data bases. Information such as data
base names, account and identification numbers of the files containing the
data bases, passwords and type are stored. Also, database status information
such as existing or not, used or not used and saved or not-saved are stored.
This information is used to decide which data bases should be purged to save
disk space.

4.4.2 The MEC Module

4.4,2.1 Purpose

The MEC module creates problem definition and data base information
based upon the user posed PAN AIR problem.

4.4.2.2 Tasks Performed

A data base is created for use by other PAN AIR modules. It contains
data base information on data bases used or created by the other modules. Run
jdentification is also processed and stored in the data base. Codes are set
to indicate whether data bases are used, in existence or saved.

User directives for modifying the data base information table are
processed by MEC and appropriate modifications to the MEC data base are made.

User directives for defining the PAN AIR problem are also interpreted

and processed. This information is also stored in the data base for use by
subsequent modules.

4.4.2.3 Input Data

User directives are normally supplied to MEC via the PAPROCS
procedures. The procedure calls contain run identification information, data
base directives and problem definition directives.

4.4,.2.4 Output Data

The output consists of the data base information table, the card images
used for input and error diagnostics. Section 8.5 contains examples of the
output from MEC.
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Figure 4.5 - Deck to Submit PAN AIR
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Figure 4.6 - Check Data and Potential Flow Run
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IC UPDATE
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(used by
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Figure 4.7 - IC Update Run
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Figure 4.8 - Solution Update Run
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* Necessary only if geometry data is requested in PPP
** Necessary only if PppP (CDP) data is requested in PPP
but PDP (CDP) is not re-run

Figure 4.9 - Additional Post Processing
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Databases

Module DIP DQG MAK RMS RHS MDG PDP cbp

DIP 1 0 0 0 0 0 0 0

DQG 2 1 0 0 0 0 0 0

MAG 2 2 1 0 0 0 0 0

RMS 0 0 2 1 0 0 0 0

RHS 2 2 2 4 1 0

MDG 2 3 4 0 4 1 0 0

PDP 2 0 0 0 0 2 1 0

FDP 2 0 0 0 0 0 0

cop 2 0 0 0 0 4 0 1

PPP 4 4 0 0 0 0 4 4

Codes

0 - Not used or not created

1 - Created

2 - \Used

3 - Not needed thereafter unless execution of PPP was
requested or a save has been issued

4 - Not needed thereafter unless requested for a save

Figure 4.10 - Permanent data bases
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Figure 4.11 - PAN AIR System Architecture
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5.0 System Usage
5.1 Usage Overview

The PAN AIR software system can be accessed either through cards or a
card image input file. Figure 4.5 illustrates the overall deck structure of a
PAN AIR run. The MEC and DIP modules accept input from cards in the input
file or from a local or permanent file. Normally, however, all MEC input is
provided by the PAPROCS procedures.

5.2 The Job Control Cards (JCL) for Initiation of PAN AIR

Version 3.0 of PAN AIR is designed to be executed on the CRAY X-MP
computer. The final installations prior to general release are described in
table 5.1. The user- and system-supplied JCL for PAN AIR execution are
described below. The use of version 3.0 should be possible on CRAY 1-S and
1-M computers if the operating system is compatible with COS 1.14. (Users of
CDC versions of PAN AIR should refer to previous versions of the User's Manual
for information on JCL.)

5.2.1 CRAY COS 1.14 JCL (NASA Ames Installation)

PAN AIR versions 2.0 and 3.0 are meant to be executed on the CRAY
computer. The standard CRAY operating system (COS) JCL supports a very
powerful procedure capability (see reference 5.1). This capability has been
exploited to enable users to run PAN AIR more easily and manipulate PAN AIR
data bases. The CRAY operating system can automatically generate the input
for MEC and the CRAY control cards needed for system execution. To invoke
this capability, the user must first access a library named PAPROCS that
contains the PAN AIR procedures. The following JCL will do this.

For users which are permitted to keep permanent files on the
CRAY disks (such as at NASA Ames):

JOB, JN=jobname,T=t imelimit.
ACCOUNT,AC=accntnumber,US=usernumber,UPw=userpassword.
ACCESS(DN=$PROCS,PDN=PAPROCS,ID=VRSN30)

After PAPROCS has been accessed, the user may immediately begin to run
PAN AIR. This is done by invoking one of the procedures FINDPF (for "FIND
POTENTIAL FLOW"), FINDICU (for "FIND IC UPDATE"), FINDPPU (for "FIND POST
PROCESSING UPDATE"), or FINDSU (for "FIND SOLUTION UPDATE"). These four
procedures can generate the input for MEC and the CRAY control cards needed
for system execution automatically.

While the documentation of PAPROCS in this user's manual (especially
section 5.2.1.1) should be sufficient for most users, others may wish for more
detailed information and/or may wish to modify a copy of PAPROCS for their own

gugp?ses. The latter may be done by following the instructions in section

5-1



NOTE:

5.2.1.1
1.

2.
specifi
perrane
update

PAN AIR versions 2.0 and 3.0 do not generate a MECCC file (MEC
control card file). The FINDPF, FINDICU, FINDPPU, and FINDSU
procedures perform the function that MECCC previously performed.

Examples of user-supplied JCL
A simple potential flow run.
FINDPF (A=ABC,MID=VRSN30,MECIN,DUMP)

In the above example, ABC is the three character string that is
to be appended to the PAN AIR data base names that will be created. If
successful, the above run will create permanent files named DIPABCI,
DIPABCZ, DIPABC3, DIPABC4, DQGABCT, ..., CDPABC4. A1l data bases that
are automatically stored by one of the four FINDxxx procedures receives
an ID equal to the job's user number (the US parameter in the job's
ACCOUNT card, see section 5.2.1). The parameter MECIN causes the MEC
input to be generated automatically. The parameter DUMP wil] cause a
memory dump file to be created {on the user's account under ID equal to
the job's user number) if an error is detected. The memory dump will
be useful to the PAN AIR maintenance personnel if they are called upon
to diagnose the cause of the subject error. If the above run aborted
in DQG (for example), then the memory dump file would be the permanent
file named DQGABC5. The DUMP parameter does not affect program
efficiency. In the above example, the DIP input would be taken from
$IN (i.e., from the input stream following the JCL section). The call
to FINDPF will fail if databases with ABC as their appended characters
already exist; therefore, it is up to the user to purge those databases
before calling FINDPF. This task can be accomplished very simply by
using the PURGEALL procedure (sec. 5.2.1.3). Note that the parameters
for FINDPF (FINDICU, FINDSU and FINDPPU) may be given in any order.

A potential flow run with temporary databases, DIP input read from a

ed file, and program output and user-supplied JCL written to a

nt file. The DIP, MAK and RMS data bases are saved for a subsequent IC
run.

LISTJCL(0=0UTT)

FINDPF(A=ABC,ID=RACLLE,MID=VRSN30,MECIN,DIPIN=CASE]IN,TEMP,DUMP,A
0=0uT1)

SAVEDB(DIPABC, ID=RACLLE)

SAVEDB(MAKABC, ID=RACLLE)

SAVEDB(RMSABC, ID=RACLLE)

In the above example, CASETIN should contain the DIP input.
CASETIN may be a Tocal file or it may be a nonlocal permanent file with
ID=RACLLE. The parameter TEMP wil] cause all databases created during
the run to be temporary. LISTJCL causes a copy of the user-supplied
JCL to be placed on the file QUT]. The PAN AIR output will also be
directed to OUTI. At the conclusion of the run OUT] will automatically
become a permanent file with ID=RACLLE. No PAN AIR output will appear
on $0UT (but the Togfile will appear on $0UT).
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Also, the DIP, MAK and RMS data bases are saved as permanent
files by invoking procedure SAVEDB. Note that SAVEDB allows the user
to create permanent data base with an ID different from the job's user
number {see example 1).

An IC update run, with the original run being example 2 above.

GETDB(DIPABC,ID=RACLLE)
GETDB(MAKABC, ID=RACLLE)
GETDB{RMSABC,ID=RACLLE)
FINDICU(A=ABC,MID=VRSN30,MECIN, TEMP,DUMP)

Here the TEMP parameter is used so that the original DIP, MAK,
and RMS data bases will not be altered. Since the TEMP parameter
appears, the DIP, MAK, and RMS data bases are assumed to be local
files, and, therefore, the GETDB procedure from PAPROCS must be invoked
to make a local copy of the old data bases required for an IC update.
In general this is a good practice to follow to avoid destroying good
data bases with a potentially bad update run.

A CHECK DATA run.
FINDPF(A=RM1,MID=VRSN30,MECIN,DUMP,CHECK)

The above would cause just MEC, DIP, and DQG to be executed.
The CHECK parameter is available in FINDICU, FINDPPU and FINDSU also.
Note that the DIP and DQG data bases will be made permanent in the
absence of the TEMP parameter. The next example makes use of this
situation.

Continuation of the above CHECK DATA run, assuming that MEC, DIP, and
DQG ran correctly the first time.

FINDPF(A=RM1,MID=VRSN30,MECIN,DUMP,DIP=0,DQG=0)

In the above, the parameters DIP=0 and DQG=0 cause DIP and DQG
not to be executed. Note that MEC must be executed. This is because
the MEC data base is always assumed to be local. In general, execution
of any module may be suppressed by equating the module name to zero.
Note that since all data bases are directed to be permanent, the DIP
and DQG data bases which were created in the previous example will be
automatically accessed by FINDPF. As with any CRAY dataset stored
automatically by one of the FINDxxx procedures, the permanent data
bases have an ID equal to the job's user number. In general, the four
FINDxxx procedures will attempt to access all permanent data bases
required for the particular type of run if local copies are not found.

A potential flow run with FDP, PPP and SGD execution.
FINDPF(A=ABC,MID=VRSN30,MECIN,FDP,PPP,SGD)
The FDP, PPP and SGD modules are executed only if specifically
requested. In general, FDP and PPP can be executed by all four of the

FINDxxx procedures. SGD is a PAN AIR utility (not formally documented)
that causes the PAN AIR system to print out coordinates, source
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10.

strengths, doublet strengths, and doublet strength gradients at nine
points on each panel. SGD was formerly called SINGRID.

A potential flow run with selected data bases being temporary.
FINDPF(A=ABC,MID=VRSN30,MECIN,DQGTEMP,MAKTEMP,RMSTEMP,RHSTEMP)

The above causes the DQG, MAK, RMS, and RHS data bases to be
temporary. This example would permit post processing updates to be
performed as and when desired without creating storage charges for the
DQG, MAK, RMS, and RHS data bases.

A potential flow run with conditional purging of data bases.

FINDPF (A=ABC,MID=VRSN30,MECIN)
IF(G1.EQ.0)

PURGEALL (ABC, ID=RACLLE)
ENDIF.

The FINDICU, FINDPF, FINDPPU, and FINDSU procedures set the COS
pseudo register G1 equal to zero if and only if all modules execute
without failure. Thus the above example purges the normally permanent
data bases if and only if all modules executed without aborting. Note
that PURGEALL assumes that the job's user number is RACLLE.

A solution update run with the original run being example 1 above, and
with conditional replacement of the DIP data base.

GETDB(DIPABC, ID=RACLLE)
GETDB(DQGABC, ID=RACLLE)
GETDB(MAKABC, ID=RACLLE)
GETDB(RMSABC, ID=RACLLE) .
FINDSU(A=ABC,MID=VRSN30,MECIN,TEMP,DUMP)
IF(G1.EQ.0)
UPDATEDB(DIPABC, ID=RACLLE)
ENDIF.

As in example 3, this example uses temporary databases to avoid
destroying any existing databases by an incorrect update run. In
addition, this example replaces the DIP database if PAN AIR ran without
aborting. For a solution update the DIP database is the only one that
is to be updated; the DQG, MAG and RMS are left unchanged; and the RHS,
CDP and PDP databases are recreated (for more details, see section 4).
Note that the user number in example 1 is assumed to have been RACLLE.

A simple potential flow run which uses an SSD for all temporary data
bases,

JOB,JN=jobname,T=1000,SSD=65504

FINDPF(A=ABC,MID=VRSN30,MECIN,DUMP,TEMP,SSD)
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The SSD parameter causes all temporary data bases created by the
current procedure call to be assigned to the default solid-state storage
device (SSD). Since the TEMP parameter is used, all temporary data bases will
be assigned to the S3D. Most sites require an additional parameter in the job
card requesting use of the ssD. If insufficient SSD space is requested, any
data bases unable to fit on the SSD are automatically assigned to disk. For
more information on SSD use see section 5.2.1.5.1.

5.2.1.2 FINDICUY, FINDPF, FINDPPU, and FINDSU parameters

As previously mentioned, FINDICU, FINDPF, FINDPPU, and FINDSU are the
four procedures in PAPROCS that are used to execute the four basic types of
PAN AIR runs. There are a number of parameters that can be passed to these
procedures to control specific aspects of the solution process. These
parameters are discussed in this section. Unless otherwise indicated, all
parameters may be used with any of the four procedures and in any order. Also
the characters "***" generally represent any of the modules that the
particular procedure executes. In particular "***" represents MEC, DIP, DQG,
MAG, RMS, RHS, MDG, PDP, FDP, CDP, PPP, or SGD in the case of FINDICU or
FINDPF; “"**x" represents MEC, DIP, PDP, FDP, CDP, PPP, or SGD in the case of
FINDPPU; and "***" represents MEC, DIP, RHS, MDG, ppP, FDP, CDP, PPP, oOr SGD
in the case of FINDSU. FINDICU, FINDPF, FINDPPU, and FINDSU set the CRAY
pseudoregister G1 to zero if all modules executed without aborting. Otherwise
Gl will be set to a charcter string containing the name of the first aborting
module (e.g., if there was an abort in DIP, then SET(G1='DIP') will be
performed).

A=sss ngss" is an alphanumeric character string from one to three
characters in length. This character string will be
appended to the data base names, whether permanent or
temporary. This is a required parameter. The character
string may not be any of the single characters C, F, My, T,
or X, or a pure numeric.

MID=panairid "panairid" must equal the CRAY ID under which the PAN AIR
1ibraries and modules are stored. This is a required
parameter. MID by itself defaults to PANAIR.

ID=us nys" is the CRAY ID under which PAPROCS will look for a
non-local MEC and/or DIP input data set and where the
optional user-specified output data set will be stored.

MECIN This parameter by jtself (i.e., not equated to another
string as in MECIN=MYFILE) tells the procedure to generate
its own MEC input. This is the recommended method for
providing the MEC input, see section 6.0. The complete
absence of this parameter tells the procedure to look for
MEC input on $IN.

MECIN=mecinput This form of the parameter tells the procedure to take its
MEC input from the indicated file (mecinput). If the file
is not already local, the procedure will attempt to access
it from the permanent files with ID=us.
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DIPIN

DIPIN=dipinput

PL=aname

CHARGES

O=outfile

*kk

***:O

***:Erog

DIPIN by itself tells the procedure that the DIP input is
to be found on an UPDATE program library created by the
CRAY UPDATE utility. The deck name is assumed to be the
same as the character string following the A= parameter,
When this form of the parameter is used, then the PL
parameter must all appear in the procedure call, For
example,

FINDPF(A=VO3,MID=VRSN30,MECIN,DIPIN,PL=VLCASZO)

causes the procedure to search the program libray named
VLCAS20 for a deck named VO3 to be used as the DIP input.
If VLCAS20 is not already local, the procedure will attempt
to find it among the files with ID=VRSN30,

This form of the parameter tells the procedure to take its
DIP input from the indicated file. If the file is not
already local, the procedure will attempt to access it from
the permanent files with ID=us, The absence of this
parameter tells the procedure to lTook for DIP input on

$IN. The files mecinput and dipinput cannot be the same
uniess both are $IN. In the latter case, or in the absence
of both the MECIN and DIPIN parameters, the MEC and DIpP
input must not be separated by an end-of-file indicator
(e.g., a /EOF card).

This parameter is ysed only if the procedure is to search
an UPDATE program library (p1) for its DIP input. The
latter occurs only if the parameter DIPIN appears by
itselg. See the discussion of the DIPIN parameter for more
details.

Causes system resources used (e.g., CPU time, disk
requests) to be printed out at the completion of each
module.

Causes output to be directed to the indicated file. At the
completion of the run this file will be made a permanent
data set with ID equal to the user number of the Job.

Causes the indicated module to be executed if and only if
***:FDP, ***:PPP or ***=SG .

Causes the indicated module not to be executed. FDP, ppp
and SGD by default wil] not be executed.

Causes the indicated pProgram to be executed in place of the
standard *** modyle. If Prog is not local, then the
procedure will look for Prog as a permanent file with
ID=panairid. Different versions of % can also be
éxecuted by having them be lTocal files prior to calling the
procedure. For example,

GET(DIP,NENDIP,ID=TESTIT)
FINDPF(A=XYZ,MID=VRSN30,MECIN,DIPIN=NEWDIP,DUMP)
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DUMP

ABORT=name

will cause the procedure to use the permanent file NEWDIP
with ID=TESTIT in place of the permanent file named DIP
with ID=VRSN30.

The presence of this parameter will cause a dump file to be
created if one of the PAN AIR programs aborts. If, for
example, DQG aborted and A=XY, then the permanent file
named DQGXY5 with ID equal to the user number of the job,
say RACLLE, will be created. Having done this, a PAN AIR
analyst can then get a symbolic dump and traceback as
follows:

GET($DEBUG,DQGDBG)
GET(EDUMP,DQGXYS,ID=RACLLE)
DEBUG.

Causes a program or procedure named "name" to be executed
just following any module failure.

RID=(user-supplied-rid) overrides the default run id when the MECIN parameter

SSD=devicename

**x*TEMP

TEMP

other parameters

appears by itself. The default run id is an abbreviated
form of the FINDxxx call. Enclose the user-supplied-rid in
single quotes ('') to preserve embedded blanks. See the
example at the top of page 5-8.

Causes a CHECK DATA run to be executed. In this type of
run only MEC, DIP, DQG, and PPP (if the latter is
specified) will be executed.

Causes all temporary data bases to be assigned to the
solid-state storage device sSD-1-10. Note that most sites
require an additional parameter in the job card that
requests use of the SSb.

Causes all temporary data bases to be assigned to the
storage device 'devicename'. This form of the SSD
parameter allows the user to select other than the default
device (shown above). Note that most sites require an
additional parameter in the job card if use of an SSD is
requested. This form of the SSD parameter also allows the
user to select a particular conventional device (such as a
particular disk) for temporary data base storage.

Causes the indicated normally permanent data base to be a
temporary data base. Here *** may only take on the values
DIP, DQG, MAK (not MAG), RMS, RHS, MDG, PDP, or CDP.

Causes all normally permanent data bases to be temporary
data bases.

There are other permitted parameters, but their usefullness
has yet to be established. To ascertain what they are and
what they do, the interested user may get a listing of the
procedures in PAPROCS as indicated in section 5.2.1.5.

5-7



Note that the parameters of FINDICU, FINDPF, FINDPPU and FINDSU are
order-independent. Also, the CRAY JCL continuation character, ~ , can be

used when more than one card is needed in calling these procedures. For
example:

FINDPF(A=V03,MID=VRSN30,ID=RACLLE,MECIN,DIPIN,“
CHARGES ,PL=VLCPL,TEMP,0=V030UT, A
RID=(RID='RUN BY LARRY ERICKSON,NASA/AMES "))

5.2.1.3 Data base manipulation procedures

In addition to the FINDxxx procedures, PAPROCS also contains numerous
procedures to allow users to easily access, save, update, rename, and revise
data bases. These are outlined in this section. As indicated before in
section 5.2.1, these procedures can be used anywhere after the PAN AIR
procedures file, PAPROCS, has been accessed. If a user's questions cannot be
adequately answered herein, the user may get a Tisting of the PAN AIR
procedures as indicated in section 5.2.1.5 and study said Tisting.

GETDB Gets a copy of a PAN AIR data base as a set of local files.
For exampie,

GETDB(DQGXXX, ID=US)

creates the Tlocal files named DGQXXXT, DQGXXx2, DQGXXX3,
and DQGXXX4 from permanent files of the same name under
ID=US. GETDB can also create a copy of a permanent data
base with a local name other than its permanent name, an ID
other than the user's ID, and with a password. See the
example under the REVISEDB procedure.

GETALL Gets a copy of a complete set of normally permanent data
bases as a set of local files. For example,

GETALL(XXX, ID=US)

creates the Jocal files named DIPXXX1, DIPXXX2, DIPXXX3,
DIPXXX4, DQGXXX1, ..., CDPXXX4 from permanent files of the
same names under ID=US.

PURGEALL Purges a complete set of normally permanent data bases and
dump files (if any). For example,

PURGEALL (ABC, ID=RACBOE , PW=HIDE)

will purge the files ***ABC1, ***ABC2, ***ABC3, ***AB(C4,
and ***ABC5 with ID=RACBOE and password of HIDE. Here *xx*
= DIP, DQG, MAK, RMS, RHS, MDG, PDP, and CDP. Putting
passwords on data bases can not be done using the FINDxxx
procedures. Passwords may only be assigned using the
REVISEDB, SAVEALL, SAVEDB, UPDATALL, and UPDATEDB
procedures. Note that "A=" does not precede "ABC" in the
call.
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PURGEDB

RETURNDB

REVISEDB

SAVEALL

Purges a specific set of data base files (and dump file, if
one exits). For example,

PURGEDB (MAKXYZ ,ID=IMUSER)

purges and releases the files named MAKXYZ1, MAKXYZ2Z,
MAKXYZ3, MAKXYZ4, and MAKXYZ5 that were created with an 1D
of IMUSER. A password may also be used with PURGEDB.

Release a specific set of local data base files. For
example,

RETURNDB (MAKV03)

releases the four files named MAKVO31, MAKV03Z, MAKV033,
and MAKVO034.

Revises a data base name and/or ID and/or password. This
permits users to create data bases with names not of the
form "**xsss" where sss is the character string following
wA=" in a call to FINDxxx. It also permits users to create
data bases with an ID other than their own user number and
to protect the contents of their data bases by the addition
of a password. For example,

REVISEDB(DIPABC,CASl,ID=RACBOE,NENID=RICK,NENPW=BUG)

renames the permanent files DIPABC1, DIPABC2, DIPABC3, and
DIPABC4 under the ID of RACBOE as CAS11, CAS12, CAS13, and
CAS14 with the ID of RICK and with a read password of BUG.
If a password is placed on a data base, then, in order to
use the data base in a subsequent PAN AIR run, a copy of
the subject data base could be obtained as a set of local
files using GETDB, and the data base could be named as a
temporary data base in a call to FINDxxx. For example,

GETDB(DIPXYZ,CAS1,1D=RICK,PW=BUG)
FINDPF(A=XYZ,MID=VRSN30,MECIN,DIPTEMP,...)

could access the data base of the previous example.

Saves a set of temporary data bases as permanent files
provided that like permanent files do not exist. For
example, .

SAVEALL (XYZ,PW=BUG, ID=RICK)

creates the permanent Files ***XYZ1, ***XYZ2, *x%*xXYZ3, and
***xXYZ4 with a read password of BUG under the ID of RICK,
assuming that local files of the same name existed and
permanent files of the same name did not exist. Here *** =
DIP, DQG, MAK, RMS, RHS, MDG, PDP, and CDP. For
unconditional saving of data bases, the procedure UPDATALL
can be used.



SAVEDB Saves a single data base, if a permanent data base with the
same name does not already exist. For example,

SAVEDB (MAKABC, ID=TEST12,PW=SECRET)

Saves the Tocal files MAKABCT, MAKABC2, MAKABC3, and
MAKABC4 under the permanent names of MAKABCT, MAKABC2,
MAKABC3, and MAKABC4, and with the ID of TEST12 and
password of SECRET, assuming that files with those nares
did not previously exist. The procedure UPDATEDB can be
used for unconditional replacement of a data base. Data
base permanent names can also be changed as shown in the
following example:

SAVEDB (MAKABC,MAKDBA, ID=TEST47)

This would make the local files MAKABCT, MAKABC2, MAKABC3,
and MAKABC4 into permanent files named MAKDBAT, MAKDBAZ2,
MAKDBA3, and MAKDBA4 with ID=TEST47.

UPDATALL Performs the same function as SAVEALL, except that new
permanent files will be created even if files with the same
names already existed.

UPDATEDB Performs the same function as SAVEDB, except that new
permanent files will be created even if files with the same
names already existed.

5.2.1.4 Miscellaneous procedures

In addition to the procedures already mentioned, PAPROCS contains other
procedures that may be useful to PAN AIR users. Some of these procedures will
be mentioned here. The remainder, as well as precise details of the ones that
are mentioned here, may be ascertained by obtaining a listing of the
procedures in PAPROCS, as indicated in section 5.2.1.5.

cory Performs the CRAY COPYD function. The input file will be
accessed from a permanent file if it is not already local.
For example,
COPY(I=0UTT,0=LOCLCOP,ID=SMITH)

copies the file OUT1 to the local file name LOCLCOP. OQUT1
may be a Tocal file or a permanent file with ID=SMITH.

DR Deletes and releases a file. For example,
DR(OUTT,ID=SMITH)

deletes and releases the permanent file named OUTT under
the ID of SMITH.
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Accesses or rewinds a file. In particular, it rewinds a
file if it is already local, and it attempts to secure it
from the permanent files if it is not local. For example,

GET(DIPINT,ID=RACLLE)

gets the file DIPIN1 from the permanent files with
ID=RACLLE if DIPIN1 is not already local.

GET(PAPPL)

gets the file named PAPPL from the permanent files under
ID=PANAIR (which is the default 1D for GET), if PAPPL is
not already local. The GET procedure is used by virtually
all of the other procedures in PAPROCS to get a file.
Therefore, a good understanding of GET will facilitate
understanding all of the other procedures.

lists the user-supplied JCL to a specified file ($OUT by
default). Since the CRAY logfiles for PAN AIR runs contain
many system-generated messages, this procedure has proven
to be quite useful.

Lists a dataset to $0UT (by default) without carriage
control characters. It also counts the number of lines and
files in any data set and demarcates the files.
Furthermore, LS issues a page eject before any line that
begins with +DECK, &DECK, *DECK, or $DECK. LS puts a

"STOP nnnn IN LISTR" message in the logfile, where nnnn is
the number of Tines in the file.

replaces a permanent file with a Tocal file. For example,
UPGRADE (i{YFILE,ID=MYID)

creates the permanent file MYFILE with ID=MYID. A password
parameter may also be added, but the password applies only
to the write and maintenance functions.

Information for Advanced PAN AIR Users

As previously mentioned, some users may wish to see the entire contents

of PAPROCS. Assuming that PAPROCS has been accessed, this can be accomplished

as follows:

GETCPL (PRCPL,S=PROCSRC,MC=(+) ,DW, ID=VRSN30)
LS(PROCSRC)



Following the above one can save the CRAY UPDATE form of PAPROCS by
entering

REWIND(DN=PRCPL)
COPYD(I=PRCPL,0=mypp1)
UPGRADE (raypp1, ID=myid)

Then the user's copy of PRCPL can be edited and saved as follows:

GETCPL(mypp1,ID=myid,DW, [=mymods,L ,MC=(+))
CALL(DN=$CPL)
UPGRADE ($PROC, myprocs, ID=myid,PW=mypass)

The file "mymods" is to contain the CRAY UPDATE directives for modifying the
user's copy of PRCPL. In subsequent runs users may then utilize their own set
of procedures to run PAN AIR as follows:

ACCESS(DN=$PROC,PDN=myprocs, ID=myid)
FINDPF(...)

5.2.1.5.1 Advanced Use of Solid-state Storage Devices

Previously created data bases which are accessed for use by a
subsequent update run can not be successfully assigned to the SSD by any of
the procedures in PAPROCS. Data bases retrieved using GETDB or GETALL are
assigned to disk. The use of the SSD parameter in the update procedures
FINDICU, FINDSU and FINDPPU assign only subsequently created temporary data
bases to the SSD.

Users can assign local copies of data bases normally accessed by GETDB
and GETALL to the SSD in the following way:

ACCESS (DN=DBTEMP, PDN=MAKABC 1, I D=USRNAME )
ASSIGN(DN=MAKABC1,U,DV=5SD-1-10)
COPYU(I=DBTEMP,0=MAKABC1,NS)

Note that one PAN AIR data base, such as MAK, is composed of four CRAY data
sets: MAKABC1, MAKABCZ2, MAKABC3 and MAKABC4. The set of three CRAY control
cards shown above must be repeated for each of the four CRAY data sets of each
PAN AIR data base. Given this inforn:*ion and the previous section, users
should be able to modify GETDB and/or GETALL, in PAPROCS, to add an optional
parameter which will assign existing data bases to the SSD. The CRAY system
commands used above are documented in reference 5.1.

Four temporary (scratch) files used by the FDP module are not assigned
to the SSD by the SSD parameter in the FINDxxx procedures. This can be
accomplished by including the following CRAY JCL prior to the execution of the
FDP module:



ASSIGN(DN=COLSNG,DV=SSD-1-10,A=FT28)
ASSIGN(DN=PANDAT,DV=SSD-1-10,A=FT18)
ASSIGN(DN=PANSNG,DV=SSD-1-10,A=FT19)
ASSIGN(DN=STLDAT,DV=SSD-1-10,A=FT08)

This action is suggested for reducing the execution cost of jobs characterized
by many streamline calculations about large configurations. These four files

are discussed in section 12-D of the Maintenance Document.

5.3 Data Base Generation

Most PAN AIR modules produce data bases which allow communication

between program modules and within program modules. Figure 5.1 illustrates
the data base creation process and indicates the contents of the data stored

in the various data bases.
5.4 Resource Requirements
5.4.1 CPU Time Requirements

Table 5.2 summarizes the PAN AIR version 3.0 CPU timing for the
NASA-Ames CRAY X-MP/48 computer. The numbers are for four validation cases in
the Case Manual.

5.4.2 Core Requirements

PAN AIR Version 3.0 requires 1,000,000 decimal words on the CRAY
computer.

5.4.3 Disk Requirements

The disk storage requirements for permanent data bases will vary
greatly from problem to problem. Table 5.3 gives the disk requirements for
four validation cases in the Case Manual.

5.5 Modes of Execution

The PAN AIR Version 3.0 software system is designed to run on the CRAY
operating system COS 1.14 at NASA-Ames. PAPROCS produces the required control
cards automatically for this environment. Operation should also be possible
under COS 1.11, COS 1.12 and COS 1.13.
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5.5.1 Standard Runs

There are five types of standard runs: check data run, potential flow
run and the three types of update runs. The check data run allows the user to
check DIP module input data and DQG execution before execution of other
modules. The check data run also has options to prevent execution of DQG
and/or continue with the execution of PPP for further checks on the input
data. The potential flow run (FINDPF) executes MEC, DIP, DQG, MAG, RMS, RHZ,
MDG, PDP and CDP (also FDP and PPP optionally). The update runs are either
“left-hand side," "right-hand side" or "post-solution". A left-hand side, or
IC update (FINDICU), requires recomputation of portions of the aerodynamic
influence coefficient matrix. A right-hand side, or solution update (FINDSU)
allows the introduction of new solutions or changes in existing solution
data. A post-solution, or post-processing update (FINDPPU), allows the
specification of flow properties calculations (i.e., allows revision to input
for the PDP, FDP, CDP and PPP modules). The update capabilities are described
in more detail in section 7.2.3.

Section 5.2 discusses the PAPROCS input necessary to execute each of
the standard runs. Section 4.3.2 describes these runs in more detail.

5.5.2 Non-Standard Runs

Non-standard runs are all other PAN AIR runs in which the user may
construct his own control card stream using the PAPROCS procedures options.
The PAPROCS are discussed in section 5.2 and additional information can be ~
found by studying PAPROCS as indicated in section 5.2.1.5. This should be
sufficient for even advanced PAN AIR users. Maintenance personnel, however,
may find it useful to directly provide the MEC directives normally created by
PAPROCS. Section 6 discusses all MEC directives and section 6.3 provides some
examples of their use.

5.5.3 Running PAN AIR on Non-Standard Operating Systems

PAN AIR version 3.0 will run on CRAY machines (1-S, 1-M and X-MP) under
four operating systems (COS 1.14, 1.13, 1.12 and 1.11). Future expansion may
allow modifications to extend use to other machines or operating systems.

There are two areas of the system which are sensitive to the details of
the operating system. They are the data base management system (SDMS) and the
PAN AIR procedures library (PAPROCS). SDMS is closely coupled to the
operating system because it is responsible for the execution of most disk I/0
during a PAN AIR run. PAPROCS is sensitive to operating system differences
since it provides the set of control cards which simplifies the user's task of
running the job.

At many installations which share the same operating system there are
variations in implementation which sometimes causes some control cards which
are acceptable at one installation to fail to work correctly at another. For —
this reason, on CRAY computers, the PAPROCS-generated control cards might fail
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to work correctly at some installation other than NASA/Ames even though the
installation is using an implementation of one of the four supported operating
systems (COS 1.14, 1.13, 1.12 and 1.11).

For any environment different from NASA/Ames, the user may modify the
control cards in PAPROCS to suit his CRAY installation.

5.6 Saving and Reusing Data

The PAN AIR software system automatically purges unneeded data bases in
order to conserve disk space. If an update, IC run or post processing run is

to be executed in the future, it is up to the user to save the required data

bases through the use of appropriate PAPROCS procedures. The same is true for
other non-standard runs requir%ng data bases previously generated.
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Operating Computer Front End
Location System Hardware SSD Computer
NASA Ames CoS 1.14 CRAY X-MP Yes Cyber 835
AEDC CoS 1.14 CRAY X-MP No Amdahl 5860
REI (NCSC) C0S 1.12 CRAY-1 No Cyber 845
Table 5.1 - Installation considerations at locations where
PAN AIR version 3.0 was first installed
Module Case 2 Case 4A Case 6 Case 9
MEC 2 .2 .3 .3
DIP .3 .3 .4 .4
DQG 2.6 5.0 11.2 12.1
MAG 3.3 7.9 24,2 39.4
RMS 2 .3 .9 2.5
RHS 2.6 9 3.0 5.0
MDG 4,2 6.3 12.0 13.8
PDP 1.7 1.0 4.1 2.1
cop 1.0 1.7 3.9 3.6
FDP 2 .2 .3 .4
PPP 6 .5 1.0 1.3
Total 16.9 24.3 61.3 80.9

Table 5.2 - Validation case CPU time requirements (sec)
(NASA Ames CRAY X-MP, PAN AIR version 3.0)



Permanent Database Disk Storage Requirements (Words)

Module

DIP
DQG
MAG
RMS

RHS
MDG

PDP
cop

Total

Table 5.3 Validation case disk storage requirements

Case 2

107,520
107,520
107,520
86,016
86,016
107,520
86,016
86,016
860,160

1,

Case 4A
107,520
193,536
279,552
86,016
86,016
150,528
86,016
86,016
075,200

Case 6
107,520
322,560
709,632
172,032
86,016
258,048
86,016
86,016
1,827,840

(CRAY words, PAN AIR version 3.0)
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Case 9
107,520
387,072
1,032,192
279,552
86,016
258,048
86,016
86,016
2,322,432
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MODULES AND THEIR PURPOSE

MEC provides data base and problem definition
for subsequent modules

DIP interprets user input

DQG generates panel defining quantities plus

data for control points, boundary conditions
and singularities

( AIC MAG creates Aerodynamic Influence

Coefficients
Unknown Singularity Portion

AIC MAG creates Aerodynamic Influence
Coefficients
Known Singularity Portion

. IC MAG computes Influence Coefficients

RMS Decomposes AIC unknown

RHS processes singluarities and boundary
condition data

MDG finds average potential, velocity and
normal mass flux at control and grid points
plus DQG geometry

PDP computes potential, velocity, mass flux,
and pressures for selected surfaces

CDP computes forces and moments accumulated
over portions of configuration

FDP computes potential, velocity, mass flux
and pressures at locations off configuration
and along streamlines

PPP selects data formatted for external
display processing

Figure 5.1 - Program modules and data bases
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6.0 MEC Input Data

The PAN AIR Version 3.0 procedure 1ibrary, PAPROCS, eliminates the need
for even advanced users to provide inputs to the MEC module. Section 6 is
still included, however, for two reasons. First, the MEC module is still
required by the PAN AIR system and receives its directives, described in this
section, from PAPROCS. These directives are echoed in the PAN AIR output and
are still responsible for determining the contents of the MEC data base. A
complete understanding of the relationship of PAPROCS and the various PAN AIR
modules includes the MEC directives. Again, however, the user need only
invoke the appropriate PAPROCS procedures and options to be guaranteed that
MEC receives the correct directives.

Second, and more important, there are certain maintenance tasks for
which MEC directives, not generated by PAPROCS, are useful. For this reason,
maintenance programmers may find this section helpful. It is recommended that
the use of the user-supplied MEC input file option, described in section
5.2.1.2, be limited to maintenance personnel.

Note that for version 3.0, module execution control and data base
manipulation is performed by PAPROCS and not by MEC. As a result, while the
contents of the MEC -execution directives block provide sufficient problem
definition for use by subsequent modules, it no longer necessarily reflects
all the details of the JCL generated by PAPROCS. Some of these discrepancies
have been noted in this section. In the event that the user elects to provide
their own MEC input, they are also responsible for guaranteeing that the MEC
execution directives, which provide information to subsequent modules, are
consistent with the actual JCL generated by PAPROCS or the user.

Users of Cyber versions of PAN AIR should refer to previous versions of
the User's Manual (versions 1.1 or 2.0) for complete documentation of the MEC
input data.

6.0.1 User Directives

The MEC module interprets user- or PAPROCS-supplied PAN AIR problem
definitions in a very general input language, supplies the problem definition
to subsequent modules and provides detailed information concerning the names
and identification parameters of the data base files.

Previous sections of this document have discussed the standard and
non-standard problem types (see section 5) and the user provided control cards
required to run the PAN AIR system. Before presenting a detailed discussion
of MEC directives, it is necessary to discuss some labeling information
regarding the data base files.

SDMS defines four files for each data base. The files are
distinguished from one another by appending the number 1, 2, 3 or 4 to the
data base name. SDMS performs this automatically. The PAN AIR system
provides a set of default data base names (e.g., DIP, DQG, MAK). Thus if the
default data base name is used, after execution of the DIP module, there will
exist four permanent files with names DIP1, DIP2, DIP3 and DIP4.
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If a user solves more than one aerodynamic problem at the same time
(with separate runs) with PAN AIR, it is necessary to have distinct names for
the data base files. MEC provides convenient ways to name the data base files
with something other than the default name. The user may rename one or more
data bases by appending to any of the default names a sequence of up to three
characters. Alternatively the user may rename a data base with some arbitrary
sequence of up to six characters.

In addition to names for the data base files, permanent files also
require a particular account or user identifier. MEC directives allow the
user to define these account numbers or user identifiers.

Note that, for CRAY systems, the PAN AIR procedures can automatically
generate appropriate input for the MEC module (see Section 5.2.1 for details).

A simple input example for MEC is given below. The non-indented
directives of the example are the major card separators of the MEC input
cards. The order is important and must be used. Each of the cards will be
discussed in detail after a few preliminary definitions are made.

PANAIR - Needed for all installations
SYSTEM VRSN30 BOEING - For NASA AMES installation
RID SQUARE WING 2X2 PANELING - Run identification
DATA BASE DIRECTIVE BLOCK - Specific data base information
APPEND Al TO DIP - Re-label default data base names
UN = RACLLE FOR MDG, CDP - Specify user ID for MDG and CDP
data base files
MUN = VRSN30 ALL - Specify user ID for master
- definition files
TEMP = ALL - Specify temporary data bases
END DATA BASE DIRECTIVES - Last card of data base information
CHECK DATA RUN - Checks input data
EXECUTION DIRECTIVE BLOCK - Defines PAN AIR problem
FIND POTENTIAL FLOW - Full solution request
END EXECUTION DIRECTIVES - Last card of directive block
END OF PANAIR MEC INPUT - Last card of MEC input

In this example the user is running on an operating system at or
similar to that of NASA/Ames (COS 1.14). The data base directives indicate
that the default data base for DIP is being relabeled by appending the
characters Al to the default name DIP. Thus the four files created by SDMS
which make up the DIP data base will be called DIPAll, DIPAl2, DIPAl13 and
DIPA14. A1l other data base files will be called by their default names. The
user identifier for the MDG and CDP data base files is specified as RACLLE.
The "CHECK DATA RUN" card specifies that control cards will be generated (by
PAPROCS) to execute at least the DIP wodule to allow the user to verify the
input data he has provided is acceptable to DIP. Continuation of the CHECK
DATA run to include the DQG and/or PPP modules is determined by PAPROCS and is
not reflected in the MEC input. The execution directives indicate that a full
potential flow solution is required. A1l data base files will be purged at
the end of the execution of the last module unless saved by additional PAPROCS
procedures. The use of data base manipulation procedures, such as SAVEDB, is
not reflected in the MEC input.
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The rest of this section presents information necessary to the user to
prepare MEC directives. Section 6.1 discusses general features of the MEC
directives. Section 6.2 presents a detailed discussion of these directives.
This section should be regarded as a reference section which the user would
consult to find the expiicit form for a particular directive. As such, the
first-time reader is advised to skip this section. Section 6.3 is a guide to
the construction of MEC directives. It is more instructional in format than
cection 6.2 and should provide the first-time user with an understanding of
the use of MEC directives. Section 6.4 discusses the use of MEC and PAN AIR
on systems and installations other than the standard one at NASA/Ames.

6.1 General Rules and Conventions

From the example it is clear that there are three basic sections to the
MEC directives. The first (introductory) section specifies the operating
system in use and provides a label for the run. The second section describes
properties of the data base files. The third section defines the type of
problem which MEC will provide to the subsequent modules.

The minimum input to MEC consists of the PANAIR card, the SYSTEM card
and the END OF PAN AIR card. If this minumum input is chosen, default names
and identifiers of data base files, and problem type are selected.

Naturally, the user will wish to provide more than the minimum input in
order to simplify the execution of PAN AIR. Section 6.2 describes in detail
the various MEC input directives for the three sections. Some examples of MEC
input directives are provided in section 6.3.

The following conventions are used to describe the directives of the
MEC input module:

. Required key words are underlined. Note that only the first
three or four characters of keywords are recognized.

< > optional item
(underline) required keyword
{ } include one from this list
{{ }} include one or more from this 1ist

) Lower case variables indicate that a user supplied name or value
should be substituted.

] A comma or a blank may be used to separate key words.

The following abbreviation is used to define operating and MEC system
parameters.

uname - PAN AIR software system account number, i.e., the CRAY ID
number where all PAN AIR software exists.
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6.2 MEC Input Directives

In this section a detailed discussion of all MEC directives is
presented. Section 6.2.1 discusses the cards in the introductory section.
Section 6.2.2 discusses the cards in the data base directive part of MEC
input. Section 6.2.3 discusses the cards in the execution directive part of
MEC input. Note that the CHECK DATA RUN card is included as a part of the
introductory section despite the fact that it describes module execution, a
function primarily of directives in the third section of MEC input. This is

done primarily to simplify the MEC input for the data check run. Examples of
the use of these commands are provided in section 6.3.

6.2.1 Introductory Cards

The introductory MEC input cards are discussed in the order they are
needed.

PANAIR labeling information

This is the first MEC input card and must be present. If the card is
missing, the PAN AIR job will be aborted. (Only the first three letters PAN
are required, but it is recommended that the user use the full PANAIR to be
consistent with the required name on some other cards.)

SYSTEM  uname  BOEING

The SYSTEM card gains access to the PAN AIR software system. The input
"uname" refers to the dataset ID number of the PAN AIR software. Note that
BOEING is the only acceptable site for version 3.0. Any other entry is a
fatal error. For a discussion of the use of the SYSTEM card at other
installations see section 6.5.

RID 76 characters of run identification

The RID card identifies or labels the PAN AIR run being made. This
card is optional.

CHECK DATA RUN

The optional card CHECK DATA reflects, as a minimum, the intention to
execute and check the input data for the DIP module. The decision to
additionally execute the DQG and/or PPP modules is provided by PAPROCS and is
not reflected in the MEC input.

6.2.2 Data Base Directives

The PAN AIR modules use one or more data bases for input and output.
These data bases are stored on disk. As they are created, each needs a master
definition or structure. These definitions are stored as part of the PAN AIR
software system. Each data base needs a default name, actual name, master
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definition, ID number for the data base, ID number for the master definition,
and password. Tables 6.1 and 6.2 give the stored default values used by the

PAN AIR system.

Note that when SDMS receives a value of zero (0) for the user name for
a data base file it substitutes the user number value of the user's account
card.

The user may want or be required to use his own values for the data
base information parameters. It is to this end that the DATA BASE directives
are available.

A few definitions are required before the DATA BASE directives are
described.

The following abbreviations are used when discussing data base
descriptions:

dbnam default data base name of from 1-6 characters

newmdn new master definition name of from 1-6 characters

newnam replacement data base name of from 1-6 characters

pw SDMS data base password of from 1-6 characters

un ID number for data base

mun ID number for master definition

dblist a list of default data base names separated by blank
or a comma

suffix 1-3 character suffix to be added to data base name(s)

The DATA BASE directives are now described. The first and last must appear in
that order while the other subordinate commands may be in any order.

DATA BASE DIRECTIVE BLOCK

This card is used to alert MEC that one or more data base information
parameters are to be modified from their default values.
newmdn,
mun

o

The keywords should be self explanatory when paired with the item they
introduce (see definition of abbreviations).

it
It

PW
DBASE dbnam = newnam UN

+ Not used in current version
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APPEND suffix TO dblist, ALL

This directive is used to change the name of one or more data bases by
appending a 1-3 character suffix. The character suffix may not be any of the
single characters C, F, M, T, or X, or a pure numeric. The data base 1ist may
include permanent or temporary data bases.

The following three directives operate in the same fashion. They
change data base parameters as indicated. The example given at the beginning
of section 6.0 illustrates changing DIP data base to DIPAL by "APPEND",
modifying the default values of "id" for MDG and CDP to RACLLE and using the
user identifier VRSN30 for all "id's" of the master definitions.

PW = pw FOR dblist, ALL+
UN = un FOR dblist, ALL
MUN = mun FOR dblist, ALL

+ Not used in current version

PERM = ALL }
dblist

This directive can be used to make all or a few temporary PAN AIR data
bases permanent. Table 6.2 gives a list of these data bases. This directive
is primarily useful for the PAN AIR maintenance staff. Default data base
names must be used in 'dblist" of this directive.

TEMP = ALL
dblist
This directive can be used to make all or a few permanent PAN AIR data
bases temporary. Table 6.1 gives a list of these data bases. Temporary data
bases always reside on system disk space and are released automatically by
system at the end of a run. When user disk space is limited, users may find
this directive very helpful. Default data base names must be used in "dblist"
of this directive.

Note: The two above directives only ~ flect the option(s) chosen in the
FINDxxx procedures of PAPROCS. Subsequent data base manipulation, such
as SAVEDB, will never appear as a MEC directive.
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END DATA BASE DIRECTIVES

The last data base directive must be END. This card is in addition to the
END card required by the PAN AIR directive block.

6.2.3 Execution Directive Block

The execution directive block specifies the type of PAN AIR problem to be
run. There are four standard types of problems and an almost endless number of
non-standard problems. The standard runs consist of a full solution of a
potential flow problem using no previous solution results, an IC update which
assumes different geometry but with previous right-hand-side constraint data, a
solution update which uses prior geometry and solution results with new right-
hand-side constraint data or a post-processing update which assumes no new
geometry or new right-hand-side constraints. Any other run is called non-standard.

Note that for version 3.0 (and version 2.0), the execution directives
provide a general problem definition to subsequent modules and simply reflect
the problem definition provided by PAPROCS. Being only a reflection of the
PAPROCS options, they have no effect on actual module execution.

Before describing these directives in detail, a few definitions will be
necessary.

The following abbreviations are used when describing execution directives.

modnam module name

unname id associated with account number of files
db data base name

1fn local file name

The execution directives are now described.
EXECUTION DIRECTIVE BLOCK
This is the first card of the execution directive block.

FIND POTENTIAL FLOW

indicates the execution of the following PAN AIR modules: DIP, DQG, MAG, RMS,
RHS, MDG, PDP, CDP and possibly FDP and PPP. The modules PDP and CDP will pro-
duce no data bases if data bases from them are not requested via DIP input
data.

The directive

FIND IC UPDATE

indicates the execution of the same modules as the “POTENTIAL FLOW" macro.
However, data bases from a previous run are required and the following modules
work differently internally: DIP, MAG, RMS, RHS.
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The directive
FIND SOLUTION UPDATE

indicates the execution of the following modules: DIP, RHS, MDG, PDP, CDP and
optionally FDP and PPP.

The directive

FIND POST PROCESSING UPDATE

indicates the execution of DIP, PDP, CDP and optionally FDP and PPP modules.
A post-processing update assumes the existence of the corresponding MDG data
base. If the PPP module is executed by use of the keyword PPP in the PAPROCS
procedure FINDPPU and geometry data plot file is requested (by use of record
set PP2 in the DIP module), the corresponding DQG data base must also exist.

END EXECUTION DIRECTIVES

The last directive END must be included as the last directive of an
EXECUTION DIRECTIVE block. Hence, if execution directives are specified, two
END cards appear, one for the termination of the execution block and one for
termination of the the PAN AIR directive block.

6.3 Guide to MEC Directive Construction

This section provides the user with guidance in the preparation of MEC
directives. It is intended to provide an outline of basic directives with
suggestions as to how a user might modify the outline to satisfy his/her
unique requirements.

MEC directives must always begin with the "PANAIR" card and end with an
"END" card. The "SYSTEM ..." directive must occur after the "PANAIR" card.
For practical reasons some of the data base directives will always be needed.
Unless the user is familiar with the control card structure of his system and
is extremely patient about creating many control cards, the execution
directive block (generated by PAPROCS) will also be a part of every set of MEC
input. Thus the basic MEC input deck will look 1ike table 6.3.

Only one command will be typically employed in the execution
directives. For the first run of a problem, the user should specify FIND
POTENTIAL FLOW. After this run has been executed, a subsequent run might
employ one of the directives FIND IC UPDATE, FIND SOLUTION UPDATE or FIND POST
PROCESSING UPDATE, but the first run must have been done with the FIND
POTENTIAL FLOW directive (plus appropriate procedures and options to save the
required data bases, as discussed in section 5). The data bases required for
update runs are shown in table 6.4.

Table 6.5 illustrates the basic set of MEC directives which users will
typically wish to employ to run the system.

The remainder of this section discusses some additional useful
modifications and extensions to this basic set of directives.
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Certain MEC directives are useful conveniences rather than necessary
commands. These are the RID and the CHECK DATA directives. The RID allows
the user to label the printed output with a phrase which briefly (76
characters) summarizes the run. The CHECK DATA directive will indicate that a
Timited set of control cards will be generated by PAPROCS which will run DIP,
DIP and DQG or DIP, DQG and PPP, and then stop execution. This allows the
user to verify that the problem to be solved has no input errors and is in
fact the problem whose solution is desired. Thus a user might modify the set
of directives in table 6.5 1in the manner of table 6.6.

The data base directives MDN and MUN specify the dataset name and ID
number of the PAN AIR software. Unless PAN AIR is installed with the default
dataset names and ID's in PAPROCS (PANAIR) or PAPROCS is modified to include
the appropriate non-standard defaults, these parameters are required.
Maintenance personnel will find these directives useful for specifying
alternate dataset names and/or ID's for the data base master definition files.

6.4 Use of PAN AIR at Non-Standard Installations

PAN AIR has been designed to simplify the demands on the user with
regard to control card construction. This simplification is fully effected
only for the NASA/Ames CRAY X-MP, under COS 1.14, at which PAN AIR version 3.0
was first installed. If a user wishes to run PAN AIR at other installations,
the control cards and MEC directives generated by PAPROCS may be erroneous or
inadequate. If this is the case the user must provide all control cards by
himself either by completely generating his own decks (using the MEC output as
a guide) or by modifying the control cards and MEC directives generated by
PAPROCS so that they are compatible with his system.

The appropriate SYSTEM card to use in a non-standard installation will
depend on the operating system.

The exact form of the "SYSTEM..." card will depend on which operating
system the user is running under. The card specifies identification
information necessary to access the MEC master definition file and all other
master definition files for the data bases used in the PAN AIR system. Note
that while other data base master definitions can be specified through the use
of the data base directive section, the SYSTEM card is the only way in which
the identification information for the MEC master definition file can be
specified. The appropriate card to use at NASA/Ames is shown in table 6.7.
The exact file identification is subject to change, so check with local PAN
AIR representatives for current values of file identification.

Most users will wish to add data base directives to modify the names of
the data base files. The simplest directive which accomplishes the labeling
is the APPEND directive, as in

APPEND XYZ TO ALL

This command defines names for all data base files. The names are of the form
DIPXYZ1, DIPXYZ2, DIPXYZ3, DIPXYZ4, DQGXYZ1, DQGXYZ2, etc. In addition, the
DBASE directive can be used to name data base files. This is most useful when
used in conjunction with an APPEND ... ALL to make some exceptions to the
global operation invoked by the APPEND statement.
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It will also be necessary for most users to specify some sort of user
identifier under which the permanent data base files will be catalogued. For
COS 1.14 operating system the UN= directive is the appropriate one. Table 6.7
and 6.8 illustrate the use of the APPEND and DBASE directives. The results of
using the directives in either example are identical. Table 6.9 illustrates a
more sensible use of the DBASE command than that shown in table 6.8. (Note
that the order of the APPEND and DBASE directives affects the results. If the
DBASE command preceded the APPEND command, the MDG data base files names would
be MDGXYZn. Thus MEC processes the data base directives in the same order as
they occur in the input deck.)
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DEFAULT ACTUAL MASTER DEF

NAME NAME USER NO PASWRD NAME USER NO
DIP DIP 0 0 DIPMD 0
DQG DQG 0 0 DQGMD 0
MAK MAK 0 0 MAKMD 0
RMS RMS 0 0 RMSMD 0
RHS RHS 0 0 RHSMD 0
MDG MDG 0 0 MDGMD 0
PDP PDP 0 0 PDPMD 0
CDP cbP 0 0 CDPMD 0

Table 6.1 - PAN AIR permanent data base default descriptions

DEFAULT ACTUAL MASTER DEF

NAME NAME USER NO PASWRD NAME USER NO
MAGX MAGX 0 0 MAGXMD 0
MAGY MAGY 0 0 MAGYMD 0
RMST RMST 0 0 RMSTMD 0
RHSX RHSX 0 0 RHSXMD 0
MDGF MDGF 0 0 MDGFMD 0
MDGC MDGC 0 0 MDGCMD 0
MDGM MDGM 0 0 MDGMMD 0
PDPT PDPT 0 0 PDPTMD 0
CDPT CDPT 0 0 CDPTMD 0

Table 6.2 - PAN AIR temporary data base default descriptions
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PANAIR
SYSTEM .... -~
DATABASE DIRECTIVE BLOCK

END
EXECUTION DIRECTIVE BLOCK

END
END

Table 6.3 - Outline of basic set of MEC directives

FUTURE FUTURE FUTURE FUTURE
IC UPDATE SOLUTION UPDATE POST PROCESSING PRINT/PLOT
DIP DIP DIP DIP
DQG DQG
MAK MAK PDP -
RMS RMS CDP
MDG

Table 6.4 - Data bases required for future PAN AIR runs
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NASA Ames System (COS 1.14)

PANAIR
SYSTEM VRSN30 BOEING
DATABASE DIRECTIVES
APPEND JEB ALL
UN = JEB ALL
MUN=VRSN30 ALL
END
EXECUTION DIRECTIVES
FIND POTENTIAL FLOW
END
END

Table 6.5 - Basic set of MEC directives for the NASA Ames system

NASA Ames System (COS 1.14)

PANAIR
SYSTEM VRSN30 BOEING
RID AMES SYSTEM MEC DIRECTIVES
DATABASE DIRECTIVES
APPEND JEB ALL
UN = PAJEBL ALL
MUN = VRSN30 ALL
END
CHECK DATA
EXECUTION DIRECTIVES
FIND POTENTIAL FLOW
END
END

Table 6.6 - Example of variation of basic set of MEC directives
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Ames System (COS 1.14)

PANAIR
T SYSTEM VRNS30 BOEING
DATABASE DIRECTIVE BLOCK
APPEND XYZ ALL
UN = JEB ALL _
MON = VRSN30 ALL

END
EXECUTION DIRECTIVE BLOCK

END
N T

Table 6.7 - Example of the use of the APPEND directive

NASA Ames System (COS 1.14)

PANAIR

SYSTEM VRSN30 BOEING

DATABASE DIRECTIVE BLOCK
DBASE DIP=DIPXYZ, UN=JEB
DBASE DQG=DQGXYZ, UN=JEB
DBASE MAK=MAKXYZ, UN=JEB
DBASE RMS-RMSXYZ, UN=JEB
DBASE RHS=RHSXYZ, UN=JEB
DBASE RMS=RMSXYZ, UN=JEB
DBASE MDG=MDGXYZ, UN=JEB
DBASE PDP=PDPXYZ, UN=JEB
MUN=VRSN30 ALL

END

EXECUTION DIRECTIVE BLOCK

END
END

Table 6.8 - Example of the DBASE directive
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NASA Ames System (COS 1.14)

PANAIR
SYSTEM VRSN30 BOEING
DATABASE DIRECTIVES
APPEND XYZ ALL
UN=PAJEB1 ALL

DBASE MDG=MINDAT
MUN=VRSN30 ALL
END
EXECUTION DIRECTIVES

END
END

Table 6.9 - A more efficient use of the DBASE directive.
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7.0 DIP Input Records

The input records read by the DIP module specify the flow problem to be
solved by PAN AIR. The DIP input records are described in this section.
General rules are given for the formats and organization of the input
records. The input records then are described for each data group.

The input records read by the DIP module are organized and written onto
a data base for use by the subsequent program modules. The calculations in
the DIP module are restricted to a few data adjustments and some checks on the
validity of the input data. The optional printout of the DIP module allows
the user to inspect the input data, some intermediate calculations, and the
options selected by the program.

7.1 General Rules

The general rules for preparation of the DIP input records are listed
in this section: first, those for defining the physical model and, second,
those for preparing input records.

7.1.1 Physical Model

A11 configuration data must be specified in a reference coordinate
system (see appendix B.2.1). This system must be orthogonal and right-handed,
but is otherwise arbitrary. PAN AIR has an implied reference coordinate
system: X, positive aft, Yo positive right, and z, positive up. The program

defaults are based upon the implied reference coordinate system.

The dimensional unit of all length quantities is established by the
reference coordinate system. This dimensional unit must be used for all
specified geometry (network grid point and other point coordinates), for other
geometric quantities (tolerance distances, length and area reference
parameters), and all velocity quantities (uniform onset velocity, local onset
flow velocity, specified flows, and so forth).

The dimensional unit of all time quantities is established by the
user-specification of uniform onset velocity (record G6). This dimensional
unit must be used for all other time-related quantities: rotational onset
flow velocity, local onset flow velocity and specified flows in the boundary
condition equations. In many applications the user will give the uniform
onset velocity a unit value. This scales the time dimensional unit; all other
time-related quantities (the velocity quantities listed above) must be scaled
in the same manner.

7-1



7.1.2 Input Records
7.1.2.1 Structure of Input Records

The symbelogy used for the input records is listed in table 7.1. Input
records are of three basic types. First, an instruction record consists only
of a primary keyword ("ITEM", table 7.1) which identifies the instruction
being specified. Second, an instruction-parameter record consists of a

Er1mary keyword? followed b{ an equal sign, followed by one or more secondary
eywords ("Item", table 7.1) to specify particular options, or by a
user-supplied name ("item", table 7.1), or by numerical data, or by a
combination of the three. Third, a data record consists of numerical data
only.

< > -- Data items enclosed in brackets have default values.

{} -- Data items enclosed in braces have optional input entries. One of the
indicated options must be selected.

{(}} -- Data items enclosed in double braces have optional input entries. One
or more of the indicated options must be selected.

Note: Brackets < > , braces { } , and double braces {{}} used in
describing the record formats are not input.

ITEM -- An item typed in all upper case letters is a primary keyword. At
least the underlined portion(s) must be input. If portions of two
words are underlined, they must be separated by at least one blank.

Item -- An item with only the leading character typed in upper case must be
selected from a 1ist of secondary keywords. If several secondary
keywords are input, their ordering is arbitrary. At least the
underlined portion of keywords must be input. Imbedded blanks are not
allowed in secondary keywords.

item -- An item typed in all lower case letters is defined by the user.

Note: A1l data on a record starting with a primary keyword (ITEM) must be on
a single record unless "record continuation" is indicated by a plus
(*+) as the last character on a card.

Table 7.1 Symbology for input records

7.1.2.2 Defaults

A default is the instruction, option, or numerical data assigned by the
DIP module when the user omits part or all of an input record. There are two
types of defaults. First, a record default is the omission of the entire
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input record. Second, a parameter default occurs in an instruction-parameter
record when some or all of the parameters are omitted. Both types of defaults
are identified in the descriptions of the input records (sections 7.3 to 7.7).

7.1.2.3 Format Rules

The user-specified input records must satisfy the format rules listed

below:

1.

Two delimiters (which are interchangeable) are used to separate words and
numbers: blank and comma. An equal sign (=) is used as a special
delimiter to separate primary keywords from subsequent data and to
separate user-specified names from secondary keywords.

Numerical values are read in free-field format only; individual values
must be separated by delimiters. Integers and floating point numbers must
be properly input, for example, integers are not converted to floating
point numbers by the program. A special format is used for repeated
values. For example, three consecutive 1.5 values can be input as

1.5, * = 2" which is interpreted: a single 1.5 value and that value
repeated 2 more times.

User-defined alphanumeric names can consist of 1 to 20 characters. Input
alphanumeric names with more than 20 characters are truncated to the first
20 characters. Alphanumeric names can consist of letters, integers, and
the symbols hyphen, period and both parentheses. Imbedded blanks are not
allowed. The alphanumeric names are arbitrary except they cannot be
purely numerical or something that will be interpreted as numerical. For
example, "E5" will be interpreted as "] .E+5" by the program.

Record continuation is indicated by a plus (*) as the last character on a
card. The continuation symbol must not split a word or a number.

Record continuation is not required for data records, that is, records
which give numerical values only. A series of numerical values can be
arbitrarily separated onto different cards. There is one exception: for
numerical values which occur in triplets (that is, coordinates or vector
components), each triplet must be on a single card. If a triplet is split
onto more than one card, then record continuation is required.

Input records do not require a terminator. The optional record terminator
is a slash (/) which can be used to add comments: the DIP module ignores
the text foilowing the slash. Record continuation (rule 4 above) cannot
be used with comments. An input card starting with a slash (/) is ignored
by the program and can be used for comments.

Several records can be combined onto a single card if they are separated
by a dollar sign (3).



7.1.2.4 Records and Cards

In most cases one input record is one computer card. However, one input
record can consist of several cards under the record continuation feature,
rules 4 and 5 in the list above, Several input records can be placed on a
single computer card, rule 7 in the list above. Also, the DIP module will
accept either physical cards or card images.

7.1.2.5 Examples

Several sample applications follow, illustrating the symbology and the
formats used in description of the input records in sections 7.3 to 7.7. In
each case the symbolic description of the input record is given, followed by
an example of the record. FEach example is given in two or more formats which
give identical instructions and data to the program, thus illustrating
alternate formats which can be used for the input records.

1. Primary keyword only

Input data listing:
BEGIN NETWORK DATA

Example:
BEGIN NETWORK DATA
BEGI NETW

2. Primary and secondary keywords

Secondary keyword(s)

Input data 1isting: Select and enter one or
more of five secondary
keyword options

<PRESSURE COEFFICIENT RULES = {{Rule(s)}}>
ISENTROPIC\\\\\\___A default exists
Primary keyword LTNEAR
SECOND-ORDER
REDUCED-SECOND-ORDER
SCENDER-BODY

Order of input is arbitrary
Example:
PRESSURE COEFFICIENT RULES = ISENTROPIC, SECOND-ORDER

PRES = ISEN, SECO
PRES = SECO, ISENTROPIC /COMMENT WITH ANY USER-SUPPLIED TEXT

7-4



Primary keyword and data

Input data listing:
< SOLUTIONS = {{so]ution—id(l)}b

Example:
SOLUTIONS = 1,3,6
SOLU=1 3 6

Primary keyword and data with default values

Input data listing:
< RATIO OF SPECIFIC HEATS = {{gamma(s)}} >

Record Default: ?amma = 1.4 for all values in the array

that is, gamma = 1.4, 1.4, 1.4, 1.4, 1.4, ...)
Example:
RATIO OF SPECIFIC HEATS = 1.667, 1.4, 1.286
RATI = 1.667, 1.4, 1.286

Resulting array: gamma = 1.667, 1.4, 1.286, 1.4, 1.4, ...

Primary and secondary kgywords and data

Inegf listing:
ABUTMENT {{ = network-id, edge-number end-point pair
- ENTIRc.EDGE | >V

Example:
ABUTMENT = WING-A, 3, ENTIRE-EDGE +
WING-B, 1, 1, 4 + One input record

— WINGC, 3
ABUT = WING-A, 3, ENTI = WING-B, 1, 1, 4 = WING-C, 3

The equal signs are used to separate the user—supplied network-id names.
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7.1.2.6 Input Records with a List of User-Specified Names

The user can specify alphanumeric names for solutions, networks and three
types of calculation cases (surface flow properties, field flow properties,
and forces and moments). These names are arbitrary except for the
restrictions under rule 3 of section 7.1.2.3 and for a requirement that the
names in each category to be distinct. Also an integer index which
corresponds to an (independent) alphanumeric name, is assigned by the DIP
module. Subsequent references to the solutions, networks and the two types of
calculation cases can use either the alphanumeric names (example 5 in the
previous section) or the integer indices (example 3 in the previous section).

The reauirements for the user-specified alphanumeric names to be arbitrary
and for the alternative use of the corresponding integer indices has affected
the design of the input records. There are two basic types of records if a
Tist of alphanumeric names or integer indices is specified. The first type of
record is a list of names/indices without any other instructions being
specified. See example 3 of the previous section. The record has (in
addition to the primary keyword) a single equal sign followed by the list of
names/indices, which must be separated by at least one delimiter {blank or
comma). The second type of record is a Tist which includes the names/integers
along with other instructions. See exampie 5 of the previous section. In
this type of record each of the names/indices is preceded by an equal sign.
The DIP module uses the equal signs to distinguish the names/indices from the
other instructions on the record.

7.1.2.7 Program Limitations

PAN AIR version 3.0 has the following Timitations.

Number of solutions: 200

Number of networks: 100

Number of calculation cases -
Surface flow properties: 100
Field flow properties: 100
Forces and moments: 100

The DIP module enforces these Timitations. The Timitations on the solutions
and on all types of calculation cases can be avoided by using the update
capabilities, see section 7.2.3.

PAN AIR version 3.0 also has the ‘owing limitations which are not
enforced by the DIP module:

Number of panels: 3,000
Number of total singularities: 5,662
Number of panels per row

or column: 200
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7.2 Input Record Listing

The set of DIP input records is described briefly in this section.
Included are a description of the data groups and a listing of the input
record names. Also included is a brief description of the PAN AIR update
capability and the associated restrictions on the DIP input records.

7.2.1 Data Groups

The input records are divided into five data groups, which must appear in
the order given below.

1. Global Data Group
This data group serves two purposés. First, it defines basic program
conditions which are required in the formulation of the flow problem.
Second, it defines global default values for several quantities which
appear 1in subsequent data groups.

2. Network Data Group
This data group defines the basic configuration data, such as panel grid
point geometry and boundary conditions, on an individual network basis.

3. Geometric Edge Matching Data Group
This data group defines network abutments and associated boundary
conditions, which usually involve more than one network.

4. Flow Properties Data Group
This data group defines options for three types of post-solution
calculations. Included in the group are instructions for calculation of
surface flow properties (PDP module), field flow properties (FDP module),
and forces and moments (CDP module).

5. Print-Plot Data Group
This data group defines various options for preparing files for subsequent
printing and plotting of parts of the program output (except for FDP, see
records OB9 and SLlsg.
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7.2.2 List of Input Records

The DIP input records are listed below. The records are organized by data
groups. Each record has an identifying number. An asterisk (*) indicates
that the record has ordering restrictions. Records G8 to G16 define global
default options; these records are repeated (indicated by +) in later data
groups so that the global options can be redefined locally.

Global Data Group

*GI. GlobaT Data Group Identifier

G2. Problem Identification

G3. User Identification

G4. Configuration and Flow Symmetry

G5. Compressibility Data

G6. Global Onset Flow Record Set

G7. Tolerance for Geometric Edge Matching
G8. surface Selection Options

GY. Selection of Velocity Computation Method
G10. Computation Option for Pressures

Gl1, Velocity Correction Options

Glz. Pressure Coefficient Rules

G13. Ratio of Specific Heats

Gl4. Reference Velocity for Pressure

G15. Store Velocity Influence Coefficient Matrix
Gl6. Store Local Onset Flow

617, Checkout Print Options

(18, Added Mass Coefficients

Network Data Group

*NT. Network Data Group Identifier
*N2. Network Identifier Record Set
*N2a. Network Identifier
*N2b. Grid Point Coordinates
N3. +(G15).  Store Velocity Influence Coefficient Matrix
Ng. *(G16).  Store Local Onset Flow
N5. Reflection in Plane of Symmetry Tag
N6, Wake Flow Properties Tag
*N7, Triangular Panel Tolerance
N8. Network and Edge Update Tag
NS, Boundary Condition Specification
N1O. Method of Velocity Computation
NI11. Singularity Types
N12, Edge Control Point Locations
N13. Remove Doublet Edge Matching
N14, Closure Edge Boundary Condition Record Set
*N14a. Closure Edge Condition Identifier and Locator

*N14b. Closure Term
*N14c. Closure Solutions List
*N14d. Closure Numerical Values
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N15. Coefficients of General Boundary Condition Equation Record Set
*N15a. Coefficients of General Boundary Condition Equation Identifier
*N15b. Equation Term

*N15c. Equation Solutions List
*N15d. Equation Control Point Locations
*N15e. Equation Numerical Values

N16. Tangent Vectors for Design Record Set
*Nl6a. Tangent Vectors for Design Identifier
*N16b. Tangent Vectors Term
*Nl6¢C. Tangent Vectors Scaling
*N16d. Tangent Vectors Solutions List

*Nloe. Tangent Vectors Control Point Locations
*N16f. Tangent Vectors Numerical Values
*N1ég. Tangent Vectors Standard Numerical Values
N17. Specified Flow Record Set
*N17a. Specified Flow Identifier
*N17b. Specified Flow Term
*N17c. Specified Flow Symmetries
*N17d. Specified Flow Solutions List
*N17e. Specified Flow Control Point Locations
*N17f. Specified Flow Numerical Values
N18. Local Onset Flow Record Set
*N18a. Local Onset Flow Identifier
*N18b. Local Onset Flow Term
*N18c. Local Onset Flow Symmetries
*N18d. Local Onset Flow Solutions List
*N18e. Local Onset Flow Control Point Locations
*N18f. Local Onset Flow Numerical Values

Geometric Edge Matching Data Group

*GEL. Geometric Edge Matching Data Group Identifier
*GEZ2. Abutment Definition

GE3. Abutment in Planes of Symmetry

GE4. Smooth Edge Treatment Option

Flow Properties Data Group
*FP1, Flow Properties Data Group Identifier

Surface Flow Properties Data Subgroup
*SF1. Surface Flow Properties Subgroup Identifier
SF2. Networks and Images Selection
SF3. Solutions List
SF4. Calculation Point Locations Record Set
*SF4da. Point Types
*SF4b. Arbitrary Points
SF5. +(G8). Surface Selection Options
SF6. +(G9). Selection of Velocity Computation Method
SF7. +(G10). Computation Option for Pressures
SF8. +(G13). Ratio of Specific Heats
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79, +(Gl4). Reference Velocity for Pressure
SF10.  Printout Options Record Set

*SF10a.  Printout Options

*SF10b.  +(G1l). Velocity Correction Options

*SF10c.  +(G12).  Pressure Coefficient Rules
SF11.  Data Base Options Record Set

*SFlla. Data Base Options

*SF11b.  +(Gll). Velocity Correction Options

*SFllc.,  +(G12). Pressure Coefficient Rules

Field Flow Properties Data Subgroup

*FF1. Field Flow Properties Data Subgroup Identifier
*0B1. Offbody Points Case Identifier
0B2. Solutions List
0B3. Offbody Puoint Location Record Set for Individual Points
*0B3a. Point List Identifier
*0B3b, Offoody Point Coordinates
0B4. OfFfbody Point Location Record Sot for Orthogonal-Grid Points
*0B43. Of fbody Gric Tdentifier
*QB4b. Grid Region
0B4: . Grid Plane Co
385, (G Computat
0B6 Ratio of ¢
08 reterei
neg . g Re
veiocity Computation Options
Pressure
B9, onhs Recgrd
otions
Yelocity Computaticn Options
) Pressure Coefficient Rutes
*SL1. Streamline Case Identifier
SLe. Solutions iist
SL3. Range of Integraticn Stepsizes
SL4, Maximum Number of Integrations
SL5, Absolute Integraticn Error
SL6. Streamlire Direction
SL7. Vector Ficld
SL8. Streamline Limit
SLG, Print Frequency

T3~

SL10.  Streamlire Starting Points
*SL10a.  Starting Points Identifiration
*SL10b,  Starting Point List

SL1L.  +{G10) Computation Optisi .ur Pressures
SL12. +(G13) Ratio of Specific Heats
SL1z2, +(G14) Reference Velocity for Pressure

SL14, Printout Options Record Set
*SL14a.  Printout Options
*SL14b., +{G11) Velocity Correction Options
*Stl4c.  +{G12) Pressure Coefficient Ruies
SL15.  Plot File Options Record Sot
*SL15a. Data Base Options
*SL15b,  +(Gl1) Velocity Correction Options
*SL15c.  +(G12) Pressure Coefficient Rules
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Forces and Moments Data Subgroup

*FML. Forces and Moments Subgroup Identifier
FM2. Reference Parameters
FM3. Axis Systems

FM4, Solutions List
FM5, Printout Options

FM6. Data Base Options

*FM7. Case ldentifier
FM8. Networks and Images Selection
FMI. Edge Suction Force Calculation
FM10. Moment Axis
FM11. Local Reference Parameters
FM12.  *(G8). surface Selection Option
FM13.  +(G9). Selection of Velocity Computation Method
FM14. +(G10). Computation Option for Pressures
FM15. +(Gl1). Velocity Correction Options
FM16. +{(G12). Pressure Coefficient Rules
FM17. +(G13). Ratio of Specific Heats

FM18. +(G14). Reference Velocity for Pressure
FM19. Local Printout Options
FM20. Local Data Base Options
FM21. Accumulation Options

Print-Plot Data Group

*pP1. Print-Plot Data Group Identifier

PP2. Geometry Data Record Set
*pp2a. Geometry Data Identifier
*PP2b. Network Selection

PP3. Point Data Record Set
*PP3a. Point Data Identifier
*PP3b. Case Selection
*PP3c. Solutions List
*Pp3d. Networks and Images Selection
*Pp3e. Array Type

PP4. Configuration Data Record Set

*pPpda. onfiguration Data Identifier
*PP4b. Case Selection
*PP4c. Solutions List
*ppad. Networks and Images Selection

A termination record “END PROBLEM DEFINITION" can be used to indicate the
end of the data. Its use is not required.

Within each group most input records can appear in any order. The
exceptions are 1isted below by data groups. The repetitions which are
possible within each group are identified.

Global Data Group: Record Gl (Global Data Group Identifier) must be the first
record in the data group.

Network Data Group: Record N1 (Network Data Group Identifier) must be the
first record in the data group. Records N2 to N18 are repeated for each
network; record set N2 (Network Identifier Record Set) must be the first
record(s) for each network. The other records can appear in any order. This
includes the record sets N14 to N18; however the records within these record
sets must be in the specified order since repetitions are allowed. The data
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for each network are independent, except for a global network option which can
be defined in record N9.

Geometric Edge Matching Data Group: Record GE] (Geometric Edge Matching Data
Group Identifier) must be the first record in the data group. Records GE2 to
GE4 are repeated for each abutment; record GE2 (Abutment Definition) must be
the first record for each abutment. The data for each abutment are

independent.

Flow Properties Data Group: Record FP1 (Flow Properties Data Group
Identifier) must be the first record in the data group. The subsequent three
data subgroups can appear in any order, but the data for one subgroup must be
completed before starting the next subgroup. The Surface Flow Properties Data
Subgroup allows repetition of all records to specify independent cases; record
SF1 must be the first record for each case. The Field Flow Properties Data
Subgroup must begin with record FF1. The remaining records are divided into
two parts. Records 0B1 througn 0BY specify an ofibody points case and can be
repeated, as a set, to specify independent cases, Record 0BT must be the
first record in each case. Rezurds SL1 through SL15 specify a stream’ine case
and can be repsated, as a set, to specify independent cases. Recerd SLI must
be the first record in each case.  All offbody points cases must preceed any
streamline case. The Forces apd ents Data Subgroup hac two parts, Records
FML te FM6 specify global options; record FMI swst be the first record in the
data subgroup. Records FM7 1. FMZT can b repeated to ity independent
Lases; record FM7 must be the firct record for each case

Print-Pist Data Group:  Record PP1 (Print-Plot Rats 6
the tirst record in the data Jroup. subsequent
appear in any order, but enly once The record
must be in the specified order.

must be
s can

record et

7.2.23 Update Capabilities

The PAN AIR update capabiiities allow the reuse of results from previous
computer runs. These capabilities have cost advantages, since they save
recomputation of results available in previcus riuns. Three types of update
Tuns are available. The type is specified by a PAPROCS procedure (see section
5). The distinction between the three types is based upon the results
available from the previous run, The types of updatc runs are Tisted below in
order of progression through a complete analysis. Fach update includes the
capabilities of those updates appearing below it in this Tist.

1. IC UPDATE (IC=influence coefficient): This is a left-hand side update
requiring recomputation of partitions of the aerodynamic influence
coefficient matrix, due to changes either in the surface geometry or in
the left-hand side of any boundary condition equation.

ne

SOLUTION UPDATE: This is a right-hand side update, which allows the
introduction of new solutions or changes in existing solutions, including
changes in the right-hand side of any boundary condition equation. For
example, each solution allows different values of the onset flow, including
the uniform onset flow speed and the angles of attack and sideslip, see
appendix B.2.2, The aerodynamic influence coefficient matrix and the
lTeft-hand sides of boundary condition equations cannot be changed.
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3. POST PROCESSING UPDATE: This is a post-solution update: the solution for
the singularity parameters can not be changed. This update allows the
specification of flow properties calculations: surface flow properties,
and forces and moments calculations can be specified. Also, the
preparation of print-plot files can be specified.

In using the IC update, the associated network updating capability
requires special consideration. An IC update allows modification of the
configuration, including the replacement or deletion of existing networks, and
the addition of new networks. However any network which is replaced or
deleted must have been designated as "updateable" (record N8) in the
originating run. All network edges which abut any updated network must also
have been designated as updateable. (As a user convenience, the DQG module
printout identifies any network edge which abuts an updateable network.)
Otherwise, the IC update capability cannot be used; the modified configuration
must be handled as a new run. Also, a program restriction requires that the
entire configuration cannot be designated as updateable.

The SOLUTION update includes two options. These allow either the
specification of a new set of solutions or the selective updating of the
existing solutions defined in the originating run.

The POST PROCESSING update is post-solution, that is, the solution for the
singularity distributions has been completed. The update allows specification
of input data for post-solution calculation cases under two options. These
allow either the elimination of all existing post-solution calculation cases or
the selected updating of existing cases together with the addition of new cases.

The description of the input records, given in sections 7.3 through 7.7,
includes all possible input records. For update runs the allowable set input
records is restricted, since several quantities defined in the originating run
(or in prior update runs) cannot be redefined. A list of the allowable input
records for each type of update run is given in table 7.2.

The use of the added mass coefficient capability (specified by record

G18) introduces restrictions on the use of several records. These
restrictions are listed in section E.2.
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IC UPDATE

Global Data Group: Gl, G6, G8-G14, G17

Network Data Group: all records for selected networks

Geometric Edge Matching Data Group: all records for selected networks
Flow Properties Data Group: all records

Print-Plot Data Group: all records

SOLUTION UPDATE

Global Data Group: G1, G6, G8-G14, G17

Network Data Group: N1, N2a, N14-16 (only right-hand side data),
N17, N18

Geometric Edge Matching Data Group: none

Flow Properties Data Group: all records

Print-Plot Data Group: all records

POST PROCESSING UPDATE

Global Data Group: &1, G8-Gi4, G17
Network Data Group: none

Geometric Edge Matching Data Group: none
Flow Properties Data Group: all records
Print-Plot Data Group: ail records

Table 7.2 - Allowable input records for each
type of update run
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7.3 Global Data Group

The global data group specifies basic program data and options. Records
G2 to G7 and record G17 specify data and options which do not change during a
run. Records G8 to G16 specify global defaults for data and options which
appear in subsequent data groups. The Global Data Group must be present in an
originating computer run, in an IC update and in a SOLUTION update.

Ordering: The first record in the Global Data Group must be the group
identifier, record Gl. The other records can appear in any order.

Record Gl. Global Data Group Identifier

This record identifies the data group and specifies a possible solution
update option. (The update option is specified in the MEC language as
described in section 6: the update options are described in section 7.2.3.)

<BEGIN GLOBAL DATA = <Solution-update-option>>
NEW
REPLACE
UPDATE

Parameter Default:  NEW

NEW: The computer run is either an originating run or a post-solution update
(not a SOLUTION update nor an IC update).

REPLACE: All solution data (right-hand side data) from the previous run are
eTiminated. New solution data are specified in the Global and Network Data
Groups; undefined solution data are given the listed default values.

UPDATE: The existing solution data are retained, but can be selectively
updated, except that the number of solutions and the solution-id's cannot be
changed. Any data specified in record set G6 over-writes existing solution
data; unspecified data retains the values from the previous computer run.
(Use this option if the solution data is not to be changed. )

Record Default: The global data group can be omitted in update runs. If
omitted, the global defaults are those of the existing DIP data base. If this
record is omitted, then omit all records in the data group.

Examples:
BEGIN GLOBAL DATA
BEGI GLOB = REPL
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Records G2 and G3 are identifiers which will appear in the output. Each
record is a single card. The jdentification names will consist of the last 76
characters on the card. These names have no restrictions on the use of
symbols or jmbedded blanks. (Note that records G2 and G3 are distinct from
the Run ID and the User ID specified in the MEC data.)

Record G2. Problem Identification
<PID = problem identification>

Record Default: PID=NO PROBLEM ID

Example:
PID = BODY 1 AND WING 4, FREE AIR: M = 0.7, ALPHA = ALPHAC = 5.0

Record G3. User Identification
<UID = user jdentification>
Record Default: UID=NO USER ID
Restrictions: Characters which can be interpreted as numeric phrases (i.e.,
telephone numbers: (415)694-6133) should be preceded by the comment symbol

(/). Otherwise, the DIP module may abort after echoing this record with an
i11egal character error.

Example:
UID = MIKE MADSON/(415)694-5856/227-2/6-30-87
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Record G4. Configuration and Flow Symmetry

This record specifies possible planes of symmetry (see section B.2.3).
The presence of configuration symmetry will reduce the amount of input data,
since only the unigue portion of the configuration is defined. The designated
configuration symmetry must be complete, including all physical and wake
surfaces. If the configuration is symmetric, the flow may be either symmetric
or asymmetric. The user must be careful in the specification of the onset
flow (record G6 and record set N18) and any specified flow (record set N17),
which must be consistent with any flow symmetry specified here. The option of
asymmetric flow should be used if there is any doubt about the flow symmetry.

<CONFIGURATION = List(n)>

[ist(n) options: If no planes of configuration symmetry, use List(1)
1f one plane of configuration symmetry, use List(2)
If two planes of configuration symmetry, use List(3)

List(l) = ASYMMETRIC-GEOMETRY

List(2)

FIRST-PLANE<direction-numbers <point>><Flow-type>
ASYMMETRIC-FLOW

SYMMETRIC-FLOW
GROUND-EFFECT

List(2) parameter defaults make the Xz plane that of symmetry:

direction-numbers = 0., 1., O.
point = 0., O., 0.
Flow-type = SYMMETRIC-FLOW

List(3) = <List(2)> SECOND-PLANE<direction-numbers><F1ow-type>
ASYMMETRIC-FLOW
SYMMETRIC-FLOW
GROUND-EFFECT

List(3) parameter defaults make the XoZo and XJo planes those of

symmetry:
List(2) parameter defaults and
direction-numbers = 0., 0., 1.
Flow-type = SYMMETRIC-FLOW

The planes of symmetry are specified by the direction numbers (in the
reference coordinate system) and by one point in the plane. The input
direction numbers are normalized by the program to give the direction cosines,
which are the components of the normal vectors ﬁl and n,. The positive

direction(s) of the normal vector(s) must satisfy two rules:

(1) The normal vector must point from “point" in List(2) toward the input

configuration.
(2) If there are two planes of symmetry then thehcompressibility vector Eo
(record G5) must satisfy the relation o= M L SP
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The GROUND-EFFECT option is the same as the SYMMETRIC-FLOW instruction except
that the forces and moments are computed on one-half (or one-quarter) of the
total configuration. With List(2), if only three numbers are given for the
“direction-numbers point" they are taken to be the direction numbers.

Record Default: CONFIGURATION = FIRST-PLANE, 0. 1. 0., 0. 0. 0., SYMMETRIC-FLOW
(That is, one plane of configuration symmetry, with the normal vector being the
yo-axis, with the plane of symmetry passing through the origin, and with

symmetric flow.)

Restrictions: The direction numbers cannot be all zero, which is an error.
With two planes of symmetry, the planes must be orthogonal: if the normals
are not perpendicular within 0.01 degree, the program gives an error.

The GROUND-EFFECT flow-type option should not be used if the configuration
has one or more networks in the plane of symmetry in question. Instead, use
the SYMMETRIC-FLOW option and do not include the ‘ground-effect' image(s) in
the CDP calculation. The use of the GROUND-EFFECT option will result in
incorrect configuration sums in CDP.

Examples:
CONFIGURATION = ASYMMETRIC-GEOMETRY
(That is, the configuration is asymmetric. )
CONF = FIRS, 0., 0., 1., SYMMETRIC-FLOW
(That is, one plane of configuration symmetry with normal vector being the
z -axis, with the plane of symmetry passing through the origin, and with

symmetric flow.)

CONF = FIRS, 0., 1., 0., 0., 0., 0., ASYM, SECO, 0., 0., 1., ASYM

(That is, two planes of configuration symmetry, with the normal vectors
being the yo-axis and the zo-axis, respectively, with both planes of

symmetr{ passing through the origin and with asymmetric flow for both
planes,
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Record G5. Compressibility Data

This record specifies the freestream Mach number and the compressibility
direction, which is the x-axis of the Prandt1-Glauert equation, see sections
A.1 and B.2.1. For incompressible flow (MACH = 0.), the compressibility
direction is not required in theory, but one must be specified to avoid
numerical problems. The compressibility angles of attack and sideslip, a. and

Bco define the transformation between the reference coordinate system and the

~

compressibility direction, C,, as shown in figure 7.1.

<MACH

mach> <CALPHA = calpha> < CBETA = cbeta>

mach = freestream Mach number; default = O.

calpha = angle of attack defining the compressibility direction
(degrees); default depends on configuration symmetry.

cbeta = angle of sideslip defining the compressibility direction
(degrees); default depends on configuration symmetry.

The three instructions can be in any order on one, two or three records.

Restrictions and Defaults: If there are plane(s) of configuration symmetry
(record G4), the compressibility direction must 1ie in those plane(s):

(1) In the case of one plane of symmetry and either zero Mach number or
defaulted values of both calpha and cbeta , the program will define the

.

compressibility direction as the projection of the xo—axis (reference
coordinate system) into the plane of symmetry.

(2) If at least one of calpha and cbeta is not defaulted, the compressibility

~

direction must be in the plane of symmetry: if o and n, are not
perpendicular within 0.01 degree, the program gives an error.
(3) In the case of two planes of symmetry, the input values of calpha and

cbeta are ignored; the compressibility digectign will be the intersection of
the two planes of symmetry, specifically ¢ = ny x No. The resulting

compressibility direction must be approximately in (that is, not opposing) the
flow direction.

Example:
MACH = .7 CALPHA = 2. CBETA = 3.
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Figure 7.1 - Definition of the compressibility vector &
in terms oqu and Bc and the reference

coordinate system (xo, Yo zo)
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Record Set G6. Global Onset Flow Record Set

This record set specifies the global onset flow and the basic solution
data, that is, the data defining the right-hand side of the boundary condition
equations. Some additional solution data may be defined for individual
networks: specified flow (record set N17) and Tocal onset flow (record set
N18) terms. The global onset flow consists of a uniform and a rotational
flow, which are described in figure 7.2. Note that a rotation of the flow
field, not a rotation of the vehicle, is specified. The direction of the
uniform onset flow velocity Us is defined by the angles « and 8 , see
figure 7.2. (The uniform onset flow direction is distinct from the
compressibility direction defined by record G5, see section B.2.1.) Note that
the onset flow must be consistent with any flow synmetry specified in record
G4; the program makes no check for consistency.

The global onset flow data can be input in one of two format options.

Format Option 1: Header Record and Parameter Values Records

Header Record <ALPHA> <BETA> <UINF> <WM> <WDC> <WCP> <SID>
parameter Values: alpha beta uinf wm wdc wcp sid

The parameter values record can be repeated, each time defining a set of
values for one solution. Each set of parameter values must be on a single
record; record continuation is indicated by a plus (+) as the last character
on a card. Any quantities not Tlisted on the header card are omitted from the
parameter values records. They will be given default values for all
solutions. The header card can be repeated several times, each time defining
different quantities for input for a different set of solutions.

Format Option 2: Separate Record for Each Parameter

<ALPHA = alpha(1), alpha (2),..., alpha(N)>

<BETA = beta(l), beta(2),..., beta(N)>

UINF = uinf(1l), uinf(2),..., uinf(N)>

WM = wm(1), wm(2),..., wm(N)>

<WDC = wdex(1), wdcy(1), wdcz(1l), wdex(Z),..., wdcz(N)>
WCP = wepx(1), wepy(1), wepz(1), wepx(2),..., wepz(N)>
<SID = solution-id(1),..., solution-id(N)>

The ordering of these records is arbitrary. Each must be a single record;
record continuation is indicated by a plus (+) as the last character on a
card. The number of solutions is the maximum value of N from all records.
Missing parameter values are given default values.
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angle of attack defining the direction of uniform onset flow
velocity (degrees); default = 0.

angle of sideslip defining the direction of uniform onset flow
velocity (degrees); default = 0.

magnitude of uniform onset flow velocity; default = 1.
magnitude of rotational onset flow velocity (radians/unit
time); default = 0.

alpha = a

beta

1]
w
|

uinf

direction numbers of rotational velocity vector; default = 0., 1., 0.
coordinates of point locating rotational velocity vector;

default = 0., 0., 0

solution-identification alphanumeric name; maximum of 20 characters,
without embedded blanks, must be unique in the first 16 characters (only
up to 16 characters will ever be output)

wdc
wCp

sid

Both UINF and UNIF are accepted by the program. The magnitude of rotational
onset flow velocity (wm) must not be negative. The direction numbers (wdc) are
normalized by the program to give the direction cosines. If the
identification name is omitted, then the solution-identification is a blank
label. Otherwise the solution-identification names must be unigue. The
program assigns ordering indices to each solution, consecutive and starting at
1. In subsequent records each solution can be referred to either by its
ordering index or by its (non-blank) identification name.

For a solution or an IC update run, there are restrictions on the specified
data if the UPDATE option of record Gl is selected. Also, with that option
the specification of rotational onset flows requires specification of all
three quantities: wm, wdc and wcp.

Record Default: all parameter defaults for one solution.

Restrictions: If the three direction numbers (wdc) are zero and the rotational
velocity magnitude (wm) is non-zero, the program gives an error. The number
of solutions cannot be more than 200. Format option 1 can not be used if only
the solution-identification name is being specified.

Example (same data defined in both format options):
Format Option 1:

ALPHA BETA WM WCP SID

1., 0., 1., 100.,0.,0., ANGLE-OF -ATTACK

0., 1., 1., 100.,0.,0., ANGLE-OF -SIDESLIP
Format Option 2:

ALPHA =1.

BETA = 0.,1.

WM = 1.,1.

WCP = 100., 0.,0.,100., 0., O.

SID = ANGLE-OF-ATTACK, ANGLE-OF-SIDESLIP
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=

Total onset flow = Uo =T, + Urot + U]oc

Reference coordinate system: Xgs ¥o? z0
Uniform onset flow: ﬁw= Uy, (cosa cosB, -sinB, sina cosB)
Rotational onset flow = Uot =w W, X (P - Rw)
Rotational flow velocity, magnitude = Wy
: . . . c in S, - =
Rotational flow velocity, direction cosine w, (wnx’ Wy wnz)
Position vector of point in flow field = P
Position vector of rotation point = 'ﬁw

] t flow = U
Global onset flow Ut Urot

Local onset flow = U.
loc

Note: » = w is the negative of the vehicle rotation rate in a steady

m “u
non-rotating flow

Figure 7.2 - pefinition of total onset flow
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Example of usage of rotational onset flow: Consider the quasi-steady effect
of a wing pitching nose down about a point aft of the trailing edge as shown

5
v N
p Wy
U 100 m/s “ X,
3 (200,0.0) Rw (1200,0,0)
Rotation rate of wing with respect to fluid = G@ = (.0,-.01,.0) rad/s
Rotation rate of fluid with respect to wing = & = (.0,+.01,.0) rad/s
The total onset flow of the fluid is
Up = Un + DX (3'-'3;)

If this is divided by the uniform onset flow speed (in effect giving Uy
a unit value), the total onset flow is
where the i subscript indicates the program input quantity. The corresponding
PAN AIR input for the original and the scaled solutions would be ~
ALPHA BETA UNIF WM WDC WCP
0. 0. 100. .01 0.,+.01,0. 1200.,0.,0.
0. 0. 1. .0001 0.,+.01,0. 1200.,0.,0.
Note that any specified flows (record set N17) and local onset flows (record
set N18) must also be divided by U in the scaled solution.

The flow angularity a, seen by the wing at point P is due to the combined
effect of Ue and VP =w X (P-Rw). For the original solution

v )
tana, = o = 0 L
0y W Uy 100. *
U
In the scaled solution the flow angularity is unchanged since both velocities
are divided by Ue
/%) 1
tanaw=(—hu = 1. T -
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Record G7. Tolerance for Geometric Edge Matching

This record specifies the tolerance distance which is used by the
automatic network edge abutment capability to define abutments. This
capability specifies doublet strength matching boundary conditions (see
section B.3.5). The network edges or portions of edges which are within the
geometric edge matching tolerance are assumed to abut. The automatic edge
matching procedure can be suppressed (1) for individual network edges by using
the Remove Doublet Edge Matching Option (record N13) or (2) globally by giving
a negative value to the present tolerance distance. (The magnitude of the
tolerance distance is also the default value for the Triangular Panei
Tolerance, record N7). Alternately the abutment procedure can be accomplished
by specification of abutments in the Geometric Edge Matching Data Group
(section 7.5), which overrides the automatic capability for the edge abutments
specified there.

<TOLERANCE FOR GEOMETRIC EDGE MATCHING = {to]erance} >

Record Default: tolerance = 1.0E-10

Examples:
TOLERANCE FOR GEOMETRIC EDGE MATCHING = .01
TOLE = .02

7-27






Records G8 to G16 globally specify several options and parameters for the
Network and the Flow Properties Data Groups. These records can be used to
avoid repeatedly specifying the same records in those data groups. The global
options and parameter values are used unless overridden Jocally in those data

groups. Table 7.3 shows the data groups and subgroups in which these records
are repeated.

Network Flow Properties Data Group
Data
Group Surface Field Forces
Record Flow Flow and
Properties | Properties Moments
G8. Surface Selection Option(s) SF5 FM12*
G9. Selection of Velocity
Computation Method SF6 FM13
G10. Computation Option for
Pressures . SF7 0B5,SL11 FM14
Gll. Velocity Correction Options SF10b 088b,0B9b FM15
SF11b SL14b,SL15b
Gl12. Pressure Coefficient Rules SF10c 0B8c ,0B9c FM16
SF1llc SL14c,SL15c
G13. Ratio of Specific Heats SF8 0B6,SL12 FM17
Gl4. Reference Velocity for
Pressure SF9 087,SL13 FM18
G15. Store Velocity Influence
Coefficient Matrix N3
G16. Store Local Onset Flow N4

* One option only

Table 7.3 - Subsequent records which refer to global options
and parameters specified in records G8 to Gl6

Records G8 to G12 allow selection of several options for the
calculation of Flow quantities: velocities, pressure coefficients, and force
and moment coefficients. The calculations will be made for all combinations
of the selected options {and all subsequently selected solutions). Care
should be used in selecting the number of possible options, since the use of
all options can result in a large amount of output. For example,
specification of all options available in these records will result in 150
sets of results for each solution and for each specified case of surface flow
properties calculations.
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Record G8. Surface Selection Options

These options specify the network surfaces or surface combinations for
which flow quantities and pressure (and force and moment) coefficients are to
be computed. Several options can be selected, resulting in multiple
calculations.

<SURFACE SELECTION = {{Surface(s)}} >
- UPPER

LOWER

UPLO (upper minus lower)
LOUP (1ower minus upper)
AVERAGE

According to the instruction, the computations of surface flow properties will
give the flow quantities and pressure coefficients on a surface (UPPER or
LOWER), the difference between the values on the two surfaces (UPLO or LOUP),
and the average value on the two surfaces (AVERAGE). For the computations of
forces and moments, the LOUP and AVERAGE options are equivalent to the UPLO
option, see discussion on record FM12. (The upper surface of a network is
that on which the normal vector points outward, see section B.1.1). For
example, if the user wants the difference in pressure coefficients between the
upper and lower surfaces and the flow quantities (for example, local Mach
nuTber)don the upper surface, then the UPLO and UPPER options should be
selected.

Any network in a plane of symmetry (as defined in record N5 and section B.2.3)
has an UPPER and LOWER surface but no image in the plane of symmetry.

Record Default: UPPER surface only

Examples:
SURFACE SELECTION = UPPER, UPLO
SURF = LOWE
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Record G9. Selection of Velocity Computation Method

This record selects one or two velocity computation methods, see section
B.4.1. The BOUNDARY-CONDITION method uses the boundary condition equations
and is relatively inexpensive. (The specific procedure used by this method is
specified by record N10 for each network.) The VIC-LAMBDA method uses the
velocity influence coefficient matrices. To use this method the VIC matrices
must be stored, either globally (record G15) or individually (record N3) for
non-wake networks. Both methods can be selected, resulting in multiple
calculations.

<SELECTION OF VELOCITY COMPUTATION = {{Method(s)}} >
- BOUNDARY-CONDITION
VIC-LAMBDA

Record Default: BOUNDARY-CONDITION method only for STAGNATION boundary
conditions and VIC-LAMBDA method only for NONSTAGNATION boundary conditions

Restrictions: This record applies only to networks with a STAGNATION boundary
condition (specified by record N10). The VIC-LAMBDA method is always used for
networks with a NONSTAGNATION boundary condition. Any request for the
BOUNDARY-CONDITION method for a network with a NONSTAGNATION boundary
condition is overridden by PAN AIR; the VIC-LAMBDA method will be used but the
results will be Tabeled as BOUNDARY-CONDITION. Because of this, requesting
both BOUNDARY-CONDITION and VIC-LAMBDA methods for a network with a
NONSTAGNATION boundary condition will produce two sets of jdentical data.

Examples:
SELECTION OF VELOCITY COMPUTATION = VIC-LAMBDA
SELE = BOUN, VIC
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section B.4,2. The option does not change the velocities, but does change
Some of the Calculateq pressure coefficients and loca] Mach Numbers, Fop
€xample, the linearizeq Pressure coefficient rule

Cp = -2u
S
requires the definition of u, the Perturbation velocity Component ip the
preferred direction,

<COMPUTATION OPTION FoR PRESSURES - {Option} >
UNIFORM—ONSET—FLOW
L-ONSET-FLoy
COMPRESSIBILITY—VECTOR

at the firgt two options are solution dependent (see section
N.5 of the Theony Document). For the third option, the preferreq direction is

Record Default; UNIFORM-ONSET-FLOW option

Restrictions: If the UNIFORM-ONSET-FLON option ijs selected ang uinf=0Q,
record G6), then a warning wil) be Printed, the UNIF option will pe replaced
by the comp option, and éxecution wilj Continue, f the
COMPRESSIBILITY-VECTOR option js selected ang the Mach number js jess than 0,
(record G5), a warning wilj be printed and éxecution wil) Continye.
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Record Gl11. Velocity Correction Options

This record specifies possible velocity corrections. The corrections are
used in stagnation or near-stagnation conditions where the small perturbation
assumptions are violated (see section B.4.1). For incompressible flow the
corrections are null; this record should be omitted. The first correction
(SA1) is used for thick unswept wings or flow-through nacelles. The second
correction (SA2) is used in connection with a subsequent boundary layer

analysis of thick wings or wing-1ike configurations. Several options can be
selected, resulting in multiple calculations.

<VELOCITY CORRECTIONS ={{Correction(s)}} >
— NONE

SAL

SAZ

Record Default: NONE only

Examples: .
VELOCITY CORRECTIONS = NONE,SAl
VELO = SA2
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Record G12. Pressure Coefficient Rules

This record specifies the rules to be used to calculate the pressure
coefficients (also force and moment coefficients) and local Mach numbers. The
corresponding relations are listed in section B.4.2. Several rules can be
selected, resulting in multiple calculations.

CPRESSURE COEFFICIENT RULES = {{Rute(s)}} >
ISENTROPIC
TINEAR
SECOND-ORDER
- REDUCED - SECOND-ORDER
SCENDER-BODY

For incompressible flow the isentropic relation is equivalent to the reduced
second-order relation.

Record Default: ISENTROPIC rule only

Examples:
PRESSURE COEFFICIENT RULES = ISENTROPIC,SECOND-ORDER
PRES = LINE
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Record G13. Ratio of Specific Heats

This record specifies values of the ratio of specific heats, which are
used in the SAl velocity correction (record G11), and in the pressure

coefficient and local Mach number relations. For incompressible flow the
ratio is not used; this record should be omitted. A set of values can be

input, one for each solution defined in record G6.
(RATIO OF SPECIFIC HEATS = {{gamma(s)}} >
Parameter Default: gamma = 1.4 for all solutions not in the 1ist above.

Record Default: gamma = 1.4 for all solutions.

Restrictions: gamma = 0. gives an error. If the number of values is greater
than the number of solutions (record G6), the program gives an error.

Examples:
RATIO OF SPECIFIC HEATS = 1.4, 1.667
RATI = 1.286
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Record Gl14. Reference Velocity for Pressure

This record is used only if UINF is zero in record G6. (Otherwise UINF is
the pressure reference velocity.) This record specifies values of the
reference velocity which is used in calculation of pressure coefficients (see

section B.4.2) and force and moment coefficients (see section B.4.3). A set
of values can be input, one for each solution defined in record G6.

(REFERENCE VELOCITY FOR PRESSWRE = {{rvp(s)}} >
parameter Default: rvp = 1.0 for all solutions not in the list above.
Record Default: rvp = 1.0 for all solutions.

Restrictions: rvp = 0. gives an error. If the number of values is greater
than the number of solutions (record G6), the program gives an error.

Examples:
REFERENCE VELOCITY FOR PRESSURE = .5
REFE = 2.,1.,10.
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Records G15 and G16 instruct the program to store the indicated data for
each non-wake network. These records also appear in the Network Data Group

where storage may be specified for individual networks.

Record Gl15. Store velocity Influence Coefficient Matrix

This record specifies the storage (and computation if necessary) of the
velocity influence coefficient matrix for all non-wake networks with a
STAGNATION boundary condition (record N10) (see section B.4.1) . This can
significantly increase the computer storage requirements and should be avoided
unless the data are needed for subsequent calculations. The VIC matrix must
be stored for each network where the velocities are to be computed by the
VIC-LAMBDA method (record G9). The VIC matrix for networks with a
NONSTAGNATION boundary condition is stored automatically.

<STORE VIC MATRIX>

Record Default: The VIC matrix is not stored on a global basis.
The VIC matrix is automatically stored for networks with a
NONSTAGNATION boundary condition.

Record G16. Store Local Onset Flow

This record specifies the storage of the local onset flow (record set N18)
for the all networks where defined and the rotational onset flow. This can
significantly increase the computer storage requirements. These flows must be
stored if they are to be used in calculation of the pressure, and force and
moment coefficients and local Mach numbers. (The use of local and rotational
onset flows in the right-hand side(s) of the boundary condition equations is

not affected by the present record.)
<STORE LOCAL ONSET FLOW>

Record Default: Local onset flow is not stored on a global basis.
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Record G17. Checkout Print Options

This record specifies various printout options related to input data
checkout. (These are separate from program calculation output options, which
are defined in sections 7.6 and 7.7.) The program modules and checkout print

options are listed in table 7.4. The checkout print options are described in

more detail in the description of the printed output in section 8.2.
<CHECKOUT PRINTS = {{Module(1), List(1), Module(2), List(2)}} >

Module(I) are the module names listed in the first column in table 7.4.
List(I) are the option numbers listed in the second column in table 7.4.

parameter Defaults: The modules will have defaults listed in table 7.4.
Record Default: The module defaults listed in table 7.4.

Note: The use of DEL or ALL along with any other module name(s) or
option{s) will cause a program abort.

Examples:
CHEC = DIP,1,2,3
CHECKOUT PRINTS = ALL
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Module Options (one or more per module) Defaults

DIP 1 Warning messages 1
? Input records 2
3 Global data summary

DQG 1 Warning messages 1
2  Corner point data 2
3  Enriched grid
4 Abutments with empty space 4
5 Other abutments and any gap-filling panels
[ Control point data 6
7  Boundary conditions

MAG 1 CM MAP, job statistics summary 1
2  Control point, boundary condition list
3 Maps for singularity parameters, control

points, boundary conditions

4  Processing information

DEL Delete all above printout

ALL Select all above printout

Table 7.4 - Checkout print options (record G17)
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Record G18. Added Mass Coefficients

This record specifies special program operations which lead to the
computation of added mass coefficients. This capability, the program
operations, and restrictions on the other DIP input records are described in
section E.

<ADDED MASS COEFFICIENTS>

Record Default: This is a regular (circulatory) flow run, not an added mass
coefficient run.

Examples:
ADDED MASS COEFFICIENTS
ADDE
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7.4 Network Data Group

This data group specifies the individual networks which model the physical

and wake boundaries of the configuration. There is no restriction on the
order of appearance of the individual networks of a configuration. The input
data for each network are independent of those for the other networks, with
one possible exception allowed in record N9. The number of networks must not
be more than 100.

A network is defined by a rectangular array of grid points which are the
corner points of quadrilateral panels. The grid definition scheme is
discussed in detail in sections 3.2 and B.1.1. The network size is defined by
the numbers of rows (M) and columns (N) of grid points. The identification of
the rows and columns is chosen by the user. For the input data the grid
points are ordered as follows: all points on the first column in the order of
the rows, followed by all points in the second column in the order of the
rows, and so forth until the array is complete, see figure 7.3. The array of
grid points may be triangular, that is, one edge may be a single point ("a
collapsed edge"). However the grid points must be defined as a rectangular
array with the common edge point defined repeatedly.

The ordering of the grid points also establishes the jndexing of the
network edges, as shown in figure 7.3. With this indexing the first column of
grid points forms edge 4; the last column of grid points forms edge 2. The
indexed ordering of the network edges also establishes the "upper" and "Jower"
surfaces of the network. With the column_vector M along edge 4 and the row
vector N along edge 1, then the product (N x M) defines the positive direction
of the panel normal vectors. The panel normal vectors point outward from the
upper surface. Alternately, figure 7.3 with the edges ordered in a
counter-clockwise manner js a view of the upper surface.

Ordering: The first record in the network data group must be the group
jdentifier, record N1. Records N2 to N18 are repeated for each network. For
each network the first record must be the network identifier record set N2.
The other records can appear in any order, except for restrictions within
record sets N14 to N18. (The records have the following organization: record
N2 defines the network, records N3 to N8 give general information, and records
N9 to N18 give boundary condition information.)

Record N1. Network Data Group Identifier
This record identifies the data group and must be the first record.
<BEGIN NETWORK DATA>

Record Default: No network data (that is, a post-solution update run) in
which case all records in the Network Data Group are omi tted.
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Record Set N2. Network Identifier Record Set

This record set specifies basic network information and must appear first
in the block of records (N2 to N18) for each network.

Record N2a. Network Identifier

This record identifies the network and specifies options related to
possible update runs, which are described in section 7.2.3.

NETWORK = List(n)

Option 1: Original Specification or Addition of a New Network
List(1) = <network-id> {number-rows, number-columns} <NEW>

Parameter Defaults: The alphanumeric network-id name can be omitted (see
below). The secondary keyword NEW is the default and can be omitted.

Option 2: Replacement of Existing Network with New Network (IC update only)
List(2) = network-id, number-rows, number-columns REPLACE

Option 3: Definition of New Right-Hand Side Data (IC and Solution updates)
List(3) = network-id  SOLUTION-UPDATE

Option 4: Deletion of a Network (IC update only)
List(4) = network-id  DELETE

Under Option 2, all data for the existing network are eliminated; all required
input data must be specified for the replacing network. Under Option 3, all
existing solution data are eliminated; onTy the right-hand side data can be
and must be defined: records N14 to N18. Under Option 4, there must be ro
other input records for the network.

The "network-id" is an alphanumeric name (maximum of 20 characters, without
embedded blanks). If omitted in the original specification of a network, then
the network-id name is a blank label. Otherwise, the network-id name must be
unique in the first 16 characters. Only up to 16 characters will ever be
output. The program assigns an ordering index to each network, consecutively
and starting at 1. In an IC update run, new networks are similarly indexed
starting with the next available index; a replacing network is assigned the
index of the network being replaced; deletion of a network does not result in
the reindexing of the other networks. In subsequent data groups and in later
update runs, each network can be referred to either by its ordering index or
by its (non-blank) network-id name.

The “"number-rows" and "number-columns" are numbers of rows (M) and columns {N)
of grid points, figure 7.3.
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Examples:
NETWORK = OUTBOARD-WING 6 7
NETW = VERTICAL-TAIL, 11, 8, REPL
NETWORK = INBOARD-WING-3, SOLUTION-UPDATE
NETW = WING-A4, DELE

Record N2b. Grid Point Coordinates

This record specifies the coordinates of the network grid points, which
define the network geometry.

{x(1), y(1), 2(1), x(2), y(2), z(2),...}

The coordinates of the grid points must be specified in the reference
coordinate system, see section B.2.1. The grid points must be in the proper
order: all points of the first column in the order of the rows, all points of
the second column in the order of the rows, and so forth. The ordering is
illustrated in figure 7.3. The total number of grid points is the product of
the numbers of rows (M) and columns (N) specified in record N2a. Record N2b
must immediately follow record N2a but it may be repeated as necessary.

Restrictions: The coordinates occur in triplets which either must be together

on the same card or else record continuation must be indicated by a plus (+)
as the last character on the card.
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Records N3 and N4 instruct the program to store particular data for
subsequent use. These two records can be input in the Global Data Group. If
the records were input there, repetition of the records here is unnecessary.

Record N3 (and record G15). Store Velocity Influence Coefficient Matrix

This record specifies the calculation and storage of the VIC matrix for
the network. It applies only to networks with a STAGNATION boundary condition
(record N10). (For wake networks, record N6 alone is required for this and
records G15 and N3 are unnecessary but may be specified without harm.) This
can significantly increase the computer storage requirements and should be
avoided unless needed. The VIC matrix must be stored if velocities are to be
computed by the VIC-LAMBDA method (record G9).

<STORE VIC MATRIX>
Record Default: VIC matrix not stored for networks with STAGNATION boundary
conditions (record N10), unless specified by record G15.

VIC matrix is stored automatically for networks with
NONSTAGNATION boundary conditions (record N10).

Record N4 (and record Gl6). Store Local Onset Flow

This record specifies the storage of the local onset flow and the
rotational onset flow for the network. These must be stored if they are to be
used in the computation of the pressure coefficients (also force and moment
coefficients) and the local Mach numbers. This can significantly increase the
computer storage requirements.

<STORE LOCAL ONSET FLOW>

Record Default: Local onset flow not stored, unless specified by record Gl6.
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Record N5. Reflection in Plane of Symmetry Tag

This record identifies if the network is in a plane of configuration
symmetry in which case the network reflection requires special treatment to
avoid a singular AIC. Omit this record if there are no planes of
configuration symmetry (record G4). This record can be omitted if the entire
network is closer to the plane of symmetry than the magnitude of the geometric
edge matching tolerance (record G7), since the reflection will then be

.

automatically tagged. Network reflection rules and restrictions are discussed
in section B.2.3.

CSYMMETRY PLANE NETWORK = {Plane} >
FIRST-PLANE
SECOND-PLANE

The "Plane" option specifies the plane in which reflection is to be specially
treated. The first and second planes of symmetry are defined by record G4.

Record Default: The network will be reflected in all defined planes of
configuration symmetry without special treatment, unless the reflection is

tagged automatically by the program.

Examples:
SYMMETRY PLANE NETWORK = FIRST-PLANE
SYMM = SECO
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Record N6. Wake Flow Properties Tag

Omit this record for non-wake networks. This record instructs the program
to calculate and store data for calculations on a wake network. Specifically,
the potential and (normal) velocity influence coefficient matrices are
calculated from the average potential and the average normal mass flux on a
wake network. This option allows calculation of the wake flow properties in
the post-solution calculations of surface flow properties and of forces and
moments. Additionally requesting that the VIC matrix be stored (record G15 or
N3) is not required. Record G15 and/or N3 can be included for wake networks

but the only result will be some unnecessary additional calculations and
storage.

<WAKE FLOW PROPERTIES TAG>

Record Default: The wake influence coefficient matrices are not stored.

7-59 PRECEDING PAGE BLANK NOT FILM:ED






Record N7. Triangular Panel Tolerance
This record specifies a tolerance length for the automatic program check
on "almost triangular" panels. (The program searches for panel edges whose
length is less than the specified tolerance, in which case the edge is
collapsed making the quadrilateral panel into a triangle, see section B.1.3.)
<TRIANGULAR PANEL TOLERANCE = {tolerance} >

Record Default: The triangular panel tolerance is set equal to the absolute
value of the geometric edge matching tolerance (record G7).

Restriction: This record must appear before record N9,

Examples:
TRIANGULAR PANEL TOLERANCE = .001
TRIA = .02
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Record N8. Network and Edge Update Tag

This record tags either the entire network or selected edges for
updating. This allows updating of the network or its abutting neighbors in
future computer runs. If not tagged, the network cannot be replaced or
deleted in a subsequent IC update run (options 2 and 4 in record N2a). If the
edges are not tagged, they cannot abut a network which is added, replaced or
deleted in a subsequent IC update run (options 1, 2 and 4 in record N2a). Any
network edge which abuts an updateable network but is not tagged as updateable
will be identified by a warning message in the DQG module. (The abutting
edges include those whose corner control points abut the network to be
updated.) In an IC update, all new and replacing networks (options 1 and 2 in
record N2a) must be tagged. Also, if the closure condition (record set N14)
is specified on a network, then that network (but not the abutting edges of
neighboring networks) must be tagged as updateable. Note two points: (1) an
entire configuration must not be tagged as updateable, and (2) update tags
will increase the program cost.

<UPDATE TAG = <edge-number-Tist>>

If the edge-number-list is omitted, then the network and all edges are tagged
for updating. If one or more edge numbers are listed, then those edges (and
no other part of the network) are tagged. The network edge indices are
jdentified in figure 7.3.

Record Default: The network is not tagged for updating.

Examples:
UPDATE TAG
UPDA =1, 4
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Record N9. Boundary Condition Specification

This record specifies the boundary condition class and associated subclass
for the network. The boundary condition class must be one of five standard
classes (see sections 3.3 and B.3.1).

Class 1 - Impermeable Surface Mass Flux Analysis
Class 2 - Specified Normal Mass Flux Analysis
Class 3 - Specified Tangential Velocity Design
Class 4 - Selected Terms

Class 5 - General Boundary Condition Equation

The associated subclass specifies the specific boundary condition equations.
Figures 7.4 to 7.6 describe boundary condition classes 1 to 3, including the
subclass identifiers (integer or keyword), subclass descriptions, boundary
condition equations and associated singularity types (record N11). Figure 7.7
describes boundary condition class 4, including the individual terms of the
general boundary condition equation (see section B.3.1), the corresponding
coefficient values, and the identifying indices.

<BOUNDARY CONDITION = <Level>{Class} [{subclass(es)}} >
LOCAL
OVERALL

Default Parameter: LOCAL

The Level instruction allows the user to establish default class and
subclass(es) which will also apply to subsequent networks. The Level OVERALL
establishes the record default, which can be changed by a subsequent record
with the Level OVERALL. The Level LOCAL allows specification of the class and
subclass(es) for one network, without changing the default values.

Class = one of the values 1 to5b

Subclass(es) = index or keyword listed in columns 1 and 2 of figures 7.4
through 7.6; or pair of indices listed in the last column of figure 7.7.

For classes 1, 2 and 3, figures 7.4 to 7.6, a single subclass is specified;

The subclass defines both boundary condition equations. For class 4, figure
7.7, two boundary conditions equations, each with two “subcTasses” must be
specified. Each "subclass" is a pair of numbers: one for the left and one for
the right-hand side of the equation. Exception: if a wake network is specified
in record N11, the appropriate doublet boundary conditions are assumed; only

one “"subclass" need be specified. For class 5, there are no subclasses; the
boundary condition equations are specified entirely by record set N15.

Record Default: The class and subclass(es) of the previous network boundary
condition specification record N9 with the level “OVERALL."

Restrictions: There are restrictions on the boundary conditions allowed for
networks in a plane of symmetry (record N5 and section B.2.3). For boundary
condition classes 1, 2, and 3: All "thick" boundary conditions (class 1
subclasses 1, 2, 6, 7, 8, 9, 10, and 11, class 2 subclasses 1, 2, 6, and 7,
and class 3 subclasses 1 and 2) are prohibited. Class 3 subclass 6 is also
prohibited. All other subclasses are allowed. Similar restrictions apply to
classes 4 and 5 (see section B.2.3).

7-65
PRECEDING PAGE BLANK NOT FILMED



Examples:
BOUNDARY CONDITION
BOUNDARY CONDITION
BOUNDARY CONDITION
BOUN = LOCA, 3, UPPER
BOUNDARY CONDITION = 5
BOUN = 4, 41, 6 3

1,4 }_____.—equivalent
1, WAKE 1

OVERALL 2 ¢

noHon

The Tast example is interpreted as: boundary condition class 4, term 4 on the
left and term 1 on the right-hand side of the first equation, term 6 on the
left and term 3 on the right-hand side of the second equation, see figure

7.7. The resulting two equations are those of class 1, subclass 1, see figure

7.4.
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY
INDEX | KEYWORD DESCRIPTION EQUATIONS TYPES
1 | UPPER Impermeable Upper o = - Ugeh SA
Surface
g = 0 DA
2 | LOWER Impermeable Lower o = - Ugehl SA
Surface
L
U S-S,
A gy =0 DA
3 AVERAGE | Impermeable Average c=20 NOS
(Cambered) Surface
wpeh = Ugeh DA
4 | WAKE 1 Wake 1 (with spanwise 6=0 NOS
variation)
u = leading edge values DW1
5 | WAKE 2 | Wake 2 (without a=0 NOS
spanwise variation)
u = corner point value DW2

UPPER and LOWER surfaces: see section B.1.1
Boundary Condition Equations: see sections 3.3 and B.3.1
Singularity Types: seé section B.3.4

Figure 7.4 - Class 1 (impermeable surface mass flux analysis)
boundary condition subclasses
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY
INDEX| KEYWORD DESCRIPTION EQUATIONS TYPES
6 BASE Upper Surface g =0 DA
~ | UPPER Base
—
$ =0 o, =0 By = - Uge ¥ SA
7 BASE Lower Surface gy =0 DA
LOWER Base
A Ul
sy=0 e =0 B = - Upe ¥ SA
8 | VELOCITY | Velocity Impermeable Ve h=-T,eh SA
UPPER Upper Surface
9 | YELOCITY |Velocity Impermeable Ve = - Tye SA
LOWER Lower Surface

UPPER and LOWER surfaces:
Boundary Condition Equations:

Singularity Types:

see section B.3.4

see section B.1.1

see sections B.3.1 and B.3.1.1

Figure 7.4 - (continued)
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY
INDEX KEYWORD DESCRIPTION EQUATIONS TYPES
10 SUPERINCLINED | Upstream Side of g =0 SA

UPPER Superinclined
Network is Upper
Surface*
— A
T ‘ 470 W el =0 DA
———— A
UL W en=0
n
11 SUPERINCLINED | Upstream Side of gy =0 SA
LOWER Superinclined
Network is Lower
Surface*
._x./\
. Ly 2 o) Wy®h =0 DA
-] onn=0
12 WAKE 1V Wake 1 (with span- o=20 NOS
wise variation and
vorticity matching)
u = leading edge DW1
values
UPPER and LOWER surfaces: see section B.1.1
*Note: The two superinclined boundary conditions are unique since the

distinction between UPPER, subclass 10, and LOWER,

subclass 11, is

determined by which surface is upstream relative to the onset flow.

Boundary Condition Equations:

Singularity Types:

see section B.3.4

see sections B.3.1 and B.3.1.1

Figure 7.4 - {concluded)
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SUBCLASS SUBCLASS BOUNDARY CONDITION | SINGULARITY
INDEX | KEYWORD DESCRIPTION EQUATIONS TYPES
UPPER Specified Normal Mass = - Ugenl + 8 SA
Flux on Upper Surface
n
=0 DA

2 | LOWER Specified Normal Mass = - Tgpefl *+ 8p; SA

Flux on Lower Surface

=0 DA

3 DEFLECTION Linearized Deflection c=0 NOS
- on Average (Cambered)

Surface

wpen = - Uo'ﬁ + Bn2 DA
4 THICKNESS Thickness on Average = Bpl SA
- (Cambered) Surface
°n = - Ugoh DA

5 BOTH Both Deflection and Bnl SA

Thickness on Average

Surface ;%

DA

UPPER and LOWER surfaces:
Boundary Condition Equations:
Singularity Types:

Figure 7.5 - Class 2 (specified normal mass flux analysis)

see section B.3.4

see section B.1.1

see sections B,3.1 and B.3.?

boundary condition subclasses
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY
INDEX | KEYWORD DESCRIPTION EQUATIONS TYPES
6 | BASE Specified Total g =0 DA

UPPER Potential on Upper
Surface Base
m U
m? . __TUe ¥t SA
{ ®, = n, By = - Un®¥ * Bn2
7 BASE Specified Total gy =0 DA
LOWER Potential on Lower
Surface Base
A ufL
$,=0 | ® = #n, N
¢L=-Uw""+3n2 SA

UPPER and LOWER surfaces:

Boundary Condition Equation:

Singularity Types: seé section B.3.4

see section B.1l.

see sections

—

.3.1 and B.3.2

Figure 7.5 - (concluded)
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY
INDEX | KEYWORD DESCRIPTION EQUATIONS TYPES
1 UPPER Upper Surface fb-Vh = -E;I'U + Be1 SA

Design
¢L =0 DD1
2 LOWER Lower Surface tL'vL = -ttl‘Uo + Bty SA
Design
3 THICKNESS | Linearized Design on tA'vA = -ttl'Uo t Btl SD1
Average (Cambered)
Surface Wa' D = -Uo'n * B DA
4 CAMBER Camber Design with o= 81 SA
Thickness
5 THICKNESS | Thickness and t v, = Ut Byl SD1
CAMBER Camber Design
tD. vl.l = Btz DDl
6 BOTH Both Upper and Lower tU.VU = -tﬂ'Uo + B SD1
Surface Design on
Average Surface tL'vL = -ty, U0 + Byo DD1

UPPER and LOWER surfaces:

Boundary Conditions Equations:

Singularity Types:

Figure 7.6 - Class 3 (specified tan

see section B.3.4

see section B.1.1

see sections B.3.1 and B.3.3

boundary condition subclasses
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PROBLEM TYPE - MASS FLUX ANALYSIS

Quantity Term Coefficient Index
Left-hand side
Upper Surface Gh.a 3 = 1 1
Lower Surface W i a =1 2
Average Surface WA-ﬁ ag =1 3
Difference o ag = 1 4
Right-hand side b Uy 7 b, = -1 1
b, = 1 2
b, = 0 3
‘PROBLEM TYPE - POTENTIAL
Quantity Term Coefficient Index
Left-hand side
Upper Surface ¢U ¢y = 1 5
Lower Surface ¢ L = 1 6
Average Surface $a cp =1 7
Difference u cp =1 8
Right-hand side* bp-U:o ¥ bp = -1 1
bp =1 2
bp =0 3

e

LI 2 (x/ssz, Y, 2)

Figure 7.7 - Class 4 (selected terms) boundary condition subclasses
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PROBLEM TYPE - VELOCITY DESIGN

Quantity Term Coefficient Index
Left-hand side
Upper Surface ?h-ga ;b £ 0 9
Lower Surface ;L-VL 'IL #0 10
Average Surface ZA-;; ?A £ 0 11
Difference ?b-{;ﬁ ;6 #0 12
Right-hand side bty Uy by = -1 1
by =1 2
by =0 3
PROBLEM TYPE - VELOCITY ANALYSIS
Quantity Term Coefficient Index
Left-hand side
Upper Surface Vh-ﬁ ey =1 13
Lower Surface ‘VL-H e =1 14
Average Surface VA-B ey =1 15
Difference Vb-n ep =1 16
Right-hand side byl by = -1 1
b, =1 2
I b, =0 3

For any problem type, one of the four left-hand side options and one of the
three corresponding right-hand side options are selected for each equation.
The potential boundary conditions include those on perturbation potential
(bp = 0) and on total potential (bp = -1). Specified flows (8 terms) can be
added separately to the right-hand side. The options allow specification of
all quantities except tangent vectors (record set N16) and specified flows
(record set N17).

Figure 7.7 Concluded
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Record N10. Method of Velocity Computation

Oomit this record for boundary condition classes 1, 2 and 3. For wake
networks record N10 should be omitted; the velocity computation is specified
by record N6. This record instructs the program to compute and store data
necessary for computing velocities from the boundary condition equations
(record G9, option BOUNDARY -CONDITION), see section B.4.1. Use of the present
record results only in the computation and storage of data if either of the
STAGNATION methods are selected; other records (G9, SF6 and FM13) select the
procedure to be used for the velocity computation. If NONSTAGNATION is
selected then records G9, SF6 and FM13 will automatically default for this
network.

(METHOD OF VELOCITY COMPUTATION = {Method} >
LOWER-SURFACE - STAGNATION
TUPPER- SURFACE-STAGNATION
NONSTAGNATION

The method is determined by the form of the boundary condition equations. If
the perturbation potential is zero on the lower/upper network surface, then
the LOWER/UPPER-SURFACE-STAGNATION option should be selected. Otherwise the
NONSTAGNATION option should be selected.

Record Default: For class 1 boundary conditions the data is computed and
stored by the method: LOWER-SURFACE-STAGNATION for subclasses 1, 6, 8 and 10;
UPPER-SURFACE-STAGNATION for subclasses 2, 7, 9 and 11; and NONSTAGNATION for
the other subclasses. For class 2 boundary conditions the data is computed
and stored by the method: LOWER-SURFACE-STAGNATION for subclasses 1 and 6;
UPPER-SURFACE-STAGNATION for subclasses 2 and 7; and NONSTAGNATION for the
other subclasses. For class 3 boundary conditions the data is computed and
stored by the method: LOWER-SURFACE-STAGNATION for subclass 1; UPPER-SURFACE-
STAGNATION for subclass 2; and NONSTAGNATION for the other subclasses. For
class 4 and 5 boundary conditions the default is the NONSTAGNATION option.

Examples:
METHOD OF VELOCITY COMPUTATION = UPPER-SURFACE-STAGNATION
METH = NONS
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Record N11. Singularity Types

Omit this record for class 1, 2 and 3 boundary conditions; the singularity
types are specified by the subclass, figures 7.4 to 7.6. This record must be
input for class 4 and 5 boundary conditions. This record specifies the
singularity types, and the corresponding arrays of boundary condition location
points, for both the source and doublet distributions. The user must select
one singularity type for the source and one for the doublet distribution. The
possible singularity arrays are shown in figure 7.8. (Notation: DWIl =
doublet wake, number 1; DFW = doublet with forward-weighted splines; see table
8.1). The types NOS and NOD are used when the source or doublet singularity
strengths, respectively, are zero on the network.

<SINGULARITY TYPES = {Source}  {Doublet} >

NOS NOD
SR DA™
SD1 DD1
Ny DFW
T DWI

DWZ

Restrictions: Do not use the combination NOS, NOD. Also, SD1 and/or DD1 do
not currently work.

Examples:
SINGULARITY TYPES = SA, DDl
SING = DW1, NOS
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source singularity types
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Figure 7.8 - Singularity types:
Tocation point arrays on a sample network (record N11)
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Record N12. Edge Control Point Locations

This record changes the network edge location of the boundary condition
Jocation points from the default positions shown in figure 7.8. The default
location of the points is determined by the edge indexing, which is determined
by the input ordering of the network grid points. If needed, the boundary
condition location points on a network edge can be relocated by using this
record rather than by reordering the network grid point array. The number of
edges specified must equal the number of edges with boundary condition
location points, figure 7.8. (For wake network type DWZ the single control

point has default Jocation on edge 1 by definition.) This record is not used
for source (SA) and doublet (DA) analysis networks.

<EDGE CONTROL POINT LOCATIONS = <Type(s) = edge-number(s)>>
SNE, source-network-edge(s)
DNE, doublet-network-edge(s)

Parameter Defaults: Source or doublet edge control points have the default
locations shown in figure 7.8. (Wake networks are doublet networks.)

Record Default: A1l edge control points have the default locations shown in
figure 7.8.

Examples:
EDGE CONTROL POINT LOCATIONS = SNE = 1, 2, DNE = 1,2
EDGE = DNE = 2
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Record N13. Remove Doublet Edge Matching

This record specifies the no doublet strength matching condition along the
edges of a doublet analysis network (type DA, figure 7.8), which is specified
either through the boundary condition, record N9, or directly by record N11l.
Do not use this record for other types of doublet networks. This record
suppresses any condition of doublet strength matching between abutting network
edges or of zero doublet strength along a free edge; it is replaced by the
network boundary condition. The no doublet strength matching condition allows
a discontinuity in doublet strength either between network edges or along a

free edge. ToO suppress doublet strength matching at an abutment of network
edges, this record must be input for all edges (and possibly several networks)
involved in the abutment.

<NO DOUBLET EDGE MATCHING = {{edge-number(s)}} >

Record Default: The doublet strength matching condition will be imposed at
the edge control points.

Restrictions: This is not a general option. It has operated successfully
only as an alternative to wake networks on supersonic trailing edges.

Examples:
NO DOUBLET EDGE MATCHING = 2, 4
NO DOUB = 1
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Record sets N14 to N18 specify boundary condition equations and data
associated with boundary condition equations. Each record set can appear
anywhere after record set N2 within the given network data group. However,
the records within each record set must be in the specified order. Each
record set must begin with the jdentifying record. The subsequent records can
be repeated several times, each time giving part of the total data. Each of
these record sets is independent of the others; for example, the solutions
1ist records (Nl4c, N15c, N16d, N17d and N18d) apply only to the record sets
in which they appear. Examples are given at the end of each record set
description.

For each boundary condition class, use of these record sets is either
always required or may be required, the latter depending on the particular
application, as listed below.

Boundary Condition Class Always Required May Be Required
1 _— N18
2 N17 N18
3 N16 N14,N17,N18
4 - N14,N16,N17,N18
5 N15 N14,N16,N17,N18

Record sets which are not listed are not used for the indicated boundary
condition class.

N14 = Closure {for design case)

N15 = Coefficients of class 5 boundary condition equations
N16 = Tangent vectors (for design case)

N17 = Specified flows (8 terms)

N18 = Local onset flows
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Record Set N14. Closure Edge Boundary Condition Record Set

This record set defines a closure edge boundary condition which is used in
design applications, see section B.3.5. Only one closure condition can be
specified for a network. The closure condition must replace a default
boundary condition of (usually) source or (rarely) doublet strength matching
on a network edge, which is the "specified edge" of the closure condition.

(1f the closure condition is specified to replace a doublet strength matching
condition, the qrogram may in some cases override the user specification and
retain the doublet matching condition.)

The user can specify the closure condition in general form:

edge N A N
ﬂ [AUGH,» ) + AL(WR) + AA(Wy"R) + AD o ] ds = BC (7.4.1)
edge

The perturbation mass flux is integrated over each column (or row) of panels
which is headed by a control point on the "specified edge" of the network, the
specified edge is also the lower integration limit. The integration covers
the entire network. The left-hand side coefficients (AU, AL, AA and AD) are
defined at every panel center point of the network. The right-hand side
coefficient (BC) is defined for each row (or column) of panels and for each
?o1utio?. The left-hand side coefficients must not be all null on any column
or row).

There are additional restrictions on the allowable closure condition equation
for networks in a plane of symmetry (record N5), see section B.2.3.

Ordering: The records within the record set must appear in the specified
order. Record Nl4a, which identifies the record set, musti appear first.
Certain subsets can be repeated several times. The subset of records N14b to
N14d can be repeated, each time specifying one term of the closure equation.
The subset of records Nl4c and N14d can be repeated, each time specifying BC
coefficients for one set of solutions.
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Record N14a. Closure Edge Condition Identifier and Locator

This record identifies the closure edge condition record set, the
"specified" network edge for the integral closure conditior, and whether a
source (SNE) or a doublet (DNE) matching condition on that edge is to be
replaced by the closure condition. The network edge indexing scheme is
illustrated in figure 7.3. The indicated network edge is also the lower limit
of the closure integral: the integration is over the columns (or rows) of
panels "normal" to that edge.

The closure condition can replace a default condition of either source
strength matching or doublet strength matching. As a general guide, use the
SNE option when AD (equation 7.4.1) is non-zero and use the DNE option when AA
is non-zero. Also, the source matching condition usually degrades the quality
of the result and should be eliminatd wherever possible.

<CLOSURE EDGE CONDITION = Type = edge-number >
SNE, source-network-edge
DNE, doublet-network-edge

Record Default: No closure boundary condition for the network. Omit all
records in the record set.

Restriction: The indicated source or doublet network edge must be one with
boundary condition location points as determined by either the Boundary
Condition Specified Record N9, see figures 7.4 to 7.6, or the Singularity Type
Record N11 (figure 7.8), and by the Edge Control Point Locations Record N12.

Examples:
CLOSURE EDGE CONDITION = SNE = 2
CLOS = DNE = 4
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Record N14b. Closure Term

This record identifies the (left or right-hand side) coefficient of the
general closure equation (7.4.1) for which numerical values will be assigned
using record N14d. This and the subsequent records can be repeated, each time
specifying numerical values for one coefficient. Unspecified coefficients = 0.

TERM = Term

"Term" has two characters (not separated) defined in table 7.5.

Type of Term First Character Second Character
Coefficients of A U (upper)

Normal Mass L (1ower)

Flux (Left- A (average)

Hand Side) D (difference)

Specified Total
Normal Mass Flux
(Right-Hand
Side)

|
o

Examples: TERM

AD see equation (7.4.1)
TERM

BC

f Table 7.5 Closure term identifications (record N14b)

Record Nl4c. Closure Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values. The record is input only for the right-hand side term,
identifier BC in record N14b. (The left-hand side coefficients are
independent of the solution.) This and the subsequent record can be repeated,
each time specifying numerical values for one set of solutions.

<SOLUTIONS = {{solution-id(I)}} >

solution-id = either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: A1l available solutions.
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Record N14d. Closure Numerical Values

This record specifies numerical values at the panel center points of one
term, defined by records N14b and N1l4c, of the general closure condition.

{{value(s)}}

The coefficient arrays can be either singly dimensioned (BC coefficients,
right-hand side) or doubly dimensioned (AX coefficients, left-hand side). For
the right-hand side coefficients, the index corresponds to the panel rows or
columns, depending upon the integration direction (which is defined by the
edge number specified in record Nl4a). For the left-hand side coefficients
AX(1,d), the indices (I,J) are those of the rows and columns, respectively, of
the panels; the indexing is independent of the integration direction.

The numerical values can be input in three general formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the term and solutions list records (N14b and Nl4c) are repeated. If
several values are assigned to one point, the final value is that assigned by
the latest record, that is, a later record supercedes an earlier record.

1. Global Value. A single numerical value is input. The program applies
that value to the entire array.

2. Consecutive Ordering. The numerical values are specified for each panel
center point in order: for the AX arrays this means all points on the
first column in order of the rows, followed by all points on the second
column in order of the rows, and so forth. Restriction: the entire array
must be input, that is, numerical values must be input for either all
panel center points (AX arrays) or all panel rows or columns (BC array).

3. Indexed Input. The index or indices and the corresponding values of the
coefficients are input together. The possible formats and examples are
given in table 7.6,

Restriction: The Global Value option does not currently work for this record.

Example: Specify the closure condition

edge 3
J‘J‘ AD ¢ ds = BC
edge 1

which replaces a source matching condition on edge 1 where AD = 1,0 for all
panel columns and for all panel rows except row 4 where AD = .5; where BC has
identical value for all panel columns; and where BC = 0. for solution 1 and BC
= 3.0 for solution 2.

7-88



CLOSURE EDGE CONDITION =
TERM = AD § ( ALL , ALL

TERM = BC
130.
2 3 3.

SNE=1
) =1. 8 (4 ,AL)=.5

SOLUTIONS
SOLUTIONS

Indexed Input:

Numerical values of either one or two dimensional arrays can be specified at
particular points. There are three possible formats for the input record,
with the general form: a left-hand side giving the indices of the points, an
equal sign, and a right-hand side giving the numerical value assigned to the
point or points.

1. Format for Single Point. The left-hand side gives the index or
indices of the single point to which the numerical value is assigned.
Examples: (2) = value

(1, 4) = value

2. Format for Range of Indices. The left-hand side gives the range of
indices of the points to which the numerical value is assigned.
Rule: "3 TO 6" specifies indices 3 through 6.

Examples: ( 4 T07 ) = value
(25,4708 ) = value
(1706, 37010 ) = value

3.  Format for Global Range of Indices. The left-hand side gives a
global range of indices by using "ALL" or "MAX." Rule: “ALL"
specifies the entire range of the index. Rule: "n TO MAX" specifies
indices n through the maximum value.

Examples: ( 3 TO MAX ) = value
( ALT,78 ) = value
(TT03, ALL ) = value
T—BLE )y = value value assigned
( ALL , ALL ) = va]ue} to all points

General Rule: On the left-hand side, the four symbols ( , ) = and the three
words TO, ALL and MAX must be preceded and followed by at least

one blank.

Example:
Indexes Yalues
(ALL, ALL) = 3 2,1 2,2 3 3
(1, 1) =1
1,1 1,2 1 3

Table 7.6 - Formats for indexed input, with examples
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Record Set N15. Coefficients of General Boundary Condition Equation Record Set

This record set specifies the coefficients of a general (class 5) boundary
condition equation, figure 7.9. omit this record set for class 1, 2, 3 and 4
boundary conditions (record N9). Besides the coefficient terms, the user can
specify tangent vector (record set N16) and specified flow (record set N17)
terms in the boundary condition equations. In most cases two independent
equations are required. The first and second equations correspond to the
user-specified source and doublet singularity type arrays (record N11),
respectively. These arrays determine the locations (record N15d) where the
boundary condition equations are required. However, if a null singularity
array NOS or NOD is specified, then the corresponding boundary condition
equations must not be specified. Also, if a wake singularity array DW1 or DW2
is specified, the corresponding boundary condition equation is not specified.
Note that PAN AIR may override a user-specified boundary condition equation at
some control points, see appendix H.2 of the Theory Document.

Ordering: The records within the record set must appear in the specified
order. Record N15a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N15b to
N15e can be repeated, each time specifying one or more terms of the boundary
condition equations. The subset of records N15¢c to N15e can be repeated, each
time specifying a right-hand side coefficient for one set of solutions. The
subset of records N15d to N15e can be repeated, each time specifying values at

one type of control point location.

—N15b: specifies which coefficient of which equation
N15c: specifies which solution(s)
N15d: specifies which control point(s)
B Nlbe: specifies numerical value

Record N15a. Coefficients of General Boundary Condition Equation Identifier

This record identifies the general boundary condition equation record set.

<COEFFICIENTS OF GENERAL BOUNDARY CONDITION EQUATION>

Record Default: Class 5 boundary conditions are not specified (record N9).
Oomit all records in the record set.

Restrictions: There are restrictions on the allowable boundary conditions
when a network is in a plane of symmetry (record N5), see section B.2.3.
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Record N15b. Equation Term

This record identifies the coefficient and the index of the general
boundary condition equation, figure 7.9, which are specified in the subsequent
numerical values. This and the subsequent records can be repeated, each time
specifying numerical values for at least one coefficient. Unspecified
coefficients = 0., except BT = -1. at all control points.

TERM = {Term}

"Term" has three characters (not separated) as defined in Table 7.7.

Coefficient Index
Type of First Second Third
Term Character Character Character
1 first
A mass flux U upper equation
Left-hand ' 2 second
side C potential L lower equation
E velocity A average
D difference
B general N mass flux |
Right-hand coefficient or velocity
side P potential
T tangential
velocity
Examples: TERM = AD1 see coefficients in figure 7.9
TERM = BP2

Table 7.7 - General boundary equation term identifications
(record N15b)
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Record N15c. Equation Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values. This record is input only for the right-hand side terms,
identifiers BX in record N15b. (The left-hand side coefficients are
independent of the solution index.) This and the subsequent records can be
repeated, each time specifying numerical values for one set of solutions.

<SOLUTIONS = {{solution-id(I)}} >

solution-id = either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: A1l available solutions

Record N15d. Equation Control Point Locations

This record allows the user to specify different numerical values for the
coefficients at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS = {Location}

— ALL-CONTROL-POINTS
CENTER-CONTROL-POINTS
EDGE-CONTROL-POINTS
ADDITIONAL-CONTROL-POINTS

Restrictions: Values must be specified at all control points. The program
does not assign a default value to the control points after the TERM has been
specified by record N15b. The user should establish a default value by using
the "POINTS=ALL" option, see example below.

Note:
ADDITIONAL-CONTROL-POINTS are network corner control points only. Additional

control points due to partial edge abutments receive values from the
corresponding corner control points of the abutting network.

Examples:
POINTS = ALL-CONTROL-POINTS

POIN = ALL 2 0.5 / ESTABLISHES DEFAULT
POIN = EDGE 3 0.25 / REDEFINES EDGE VALUES
POIN = ADDI 2 0.75 / REDEFINES CORNER VALUES
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Record N15e. Equation Numerical Values

This record specifies the numerical values of the term-solution(s)-points,
specified by records N15b to N15d, of the general boundary condition equation.

{{va1ue(s)}}

The type of control point location (record N15d) affects the indexing of the
array of values. The indexing of both the control points and the
corresponding arrays is described in figure 7.10.

The numerical values can be input in three general formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the control point locations record N15d is repeated. If several values are
assigned to one point, the final value is that assigned by the latest record,
that is, a later record supercedes an earlier record.

1. Global Value. A single numerical value is input. The program applies
that value to all indicated control points. '

2. Consecutive Ordering. The numerical values are input for each indicated
control point in order: all points on the first column in order of the
rows, followed by all points on the second column in order of the rows,
and so forth. Restriction: the entire array must be input, that is,
numerical values must be input for all indicated (by record N15d) control

points.

3. Indexed Input. The indices and the corresponding values are specified
together. The possible formats and examples are given in table 7.6.
Restriction: this format cannot be used if the control point location
type (record N15d) is ALL.
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(4) (3)

edge 3 (2,1) (2,2)
(1,4)
7 o o
edge 4 edge 2
4
RN
o (1,1) (1,2)
2,4
edge 1 (2,4) 0 o 0O
network origin
(1) <> = S (2)
(1,1) (2,1)

View of Upper Surface

O CENTER control points
(J EDGE control points

O ADDITIONAL control points

CENTER control point array is VALUE(I,J) where I,J are the row, column
indices,

EDGE control point array is VALUE(I,J) where I is the control point index
and J is the edge index.

ADDITIONAL control points are corner control points only; the array is
VALUE(J) where J is the edge index. (The same value is assigned to all
ADDITIONAL control points on the edge.)

ALL control points are the collection (in order) of CENTER, EDGE and
ADDITIONAL control points.

Note: The VALUE (I,J) array is input in the order: VALUE(1,1),

VALUE(2,1),..., VALUE(N,1), VALUE(1,2), VALUE(2,2),...

Figure 7.10 - Indexing system for arrays corresponding to the
control point location options
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Example: Boundary condition equations for class 2, subclass 4 (figure 7.5)
and one solution, input as a class 5 boundary condition. The boundary

condition equations are

(1) g = Bnl

=>

-_— A _
(2) Wpe Nl = —Uo'

The mass flux analysis terms of the general boundary condition equation

(figure 7.9) are

—_— A —_— A —_ A - A
aU(wU n) + aL(wL'n) + aA(wA n) + apo = by Uo* N

To get the boundary condition equation (1), the non-zero coefficients are

aD_

P

(Specified flow term 8,

The corresponding “Term
AD1

BN1

1

1.

0. (default value)

is defined separately in record set N17.)

form (table 7.7) is

1.
0.

To get the boundary condition equation (2), the non-zero coefficients are

aA_

by

1.

-1.

The corresponding "Term" form is

AA2

BNZ

1.
-1.

The input records to specify the

points) are:

COEFFICIENTS OF GENERAL

\

TERM
TERM

TERM

= AD1 g POINTS
= BN1 3 POINTS
TERM = AAZ § POINTS
= BN2 g POINTS

boundary condition equations (at all control

EQUATION
ALL 3 1.
ALL 3 O.
ALL 8 1.
ALL 8 -1.
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Record Set N16. Tangent Vectors for Design Record Set

This record set specifies tangent vector coefficients which appear in the
general boundary condition equation, figure 7.9. Omit this record set for
class 1 and 2 boundary conditions. The associated terms of the equation are

Left-hand side: tU . Vu + tL . Vi + ?k ; Va + tD * Vu
Right-hand side: b, t, * U
ight-hand side bt tt Uo

Tangent vector terms are required in design applications. Some left-hand
side and right-hand side terms are required for class 3 boundary conditions,
depending on the subclass. The tangent vector terms are zero unless defined
otherwise in this record set. The boundary condition equations for design
(class 3) and for general (classes 4 and 5) applications allow different
values for the left and right-hand side tangent vectors. However the left and
right-hand side vectors are equal in standard applications, see section
B.3.3. If equal, several vectors (including those from both boundary
condition equations) can be specified by the same numerical data by using the
options in record N16b.

Ordering: The records within the record set must appear in the specified
order. Record Nl6a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N16b to
N16g can be repeated, each time specifying vector coefficients for one or more
terms of the boundary condition equations. The subset of records N16d to Nlé6g
can be repeated, each time specifying a right-hand side vector coefficient for
one set of solutions. The subset of records Nl6e to N16g can be repeated,
each time specifying values at one type of control point location.

Record Nl6a. Tangent Vectors for Design Identifier

This record identifies the tangent vectors for design record set.
< TANGENT VECTORS FOR DESIGN >

Record Default: No tangent vector coefficients appear in the boundary
condition equations for the network. Omit all records in the record set.
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Record N16b.

Tangent Vectors Term

This record identifies which tangent vectors of the general boundary
condition equation, figure 7.9, are specified in the subsequent numerical
values. The index of the boundary condition equation, that is, the first or

the second equation, is also identified.
be repeated, each time specifying numerica

vectors. Unspecified tangent vectors are zero.

TERM = {{Term(s)})

This and the subsequent records can
1 values for one or more tangent

“Term" has three characters (not separated) as defined in table 7.8.

Restriction:

The right-hand side vectors (TERM =
whose value is specified in record N9 for class 4
record set N15 for class 5 boundary conditions.

side vectors are specified by "Term(s)",

be the same for all solutions (record N16d).

TTn) are multiplied by BT,
boundary conditions and in
If both left and right-hand
then the right-hand side vectors must

Type of First Second Third
Term Character Character Character
T U upper 1 first equation
Left-hand
Side L lower 2 second equation
A average
D difference
Right-hand T onset
Side tangent
Examples: TERM = TA2 -'?A in equation 2

TERM = TT1 -—'Til in equation 1

Table 7.8 - Tangent vector term identifications

(record N16b)
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Record N16c. Tangent Vectors Scaling

This record suppresses the automatic program scaling of the input vector
values into vectors with unit length.

<UNALTERED>

Record Default: Input vector values (record N16f) are scaled to unit length
by the program.

Record N16d. Tangent Vectors Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values. This record is input only for the right-hand side tangent
vectors (identifier TTn in record N16b). (The left-hand side vectors are
independent of the solution index.) This and the subsequent records can be
repeated, each time specifying numerical values of right-hand side tangent
vectors for one set of solutions.

<SOLUTIONS = {{solution-id(I)}} >

solution-id = either the alphanumeric name (SID; record G6) or the
ordering index which identifies the solution

Record Default: A1l available solutions

Record N16e. Tangent Vectors Control Point Locations

This record allows the user to specify different numerical values of the
tangent vectors at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS = {Location}
ALL—CONTROL-POINTS
CENTER-CONTROL-POINTS
EDGE-CONTROL-POINTS
ADDTITIONAL-CONTROL-POINTS

Restriction: Values must be specified at all control points. The program
does not assign a default value to the control points after the TERM has been
specified by record N16b. The user should establish a default value by using
the "POINTS=ALL" option, see example below.

Note:

ADDITIONAL-CONTROL-POINTS are network corner control points only. Additional
control points due to partial edge abutments receive values from the
corresponding corner control point of the abutting network.
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Examples:

POIN = ALL 21, 0. 0. / ESTABLISHES DEFAULT
POIN = EDGE 3 0. 1. 0. / REDEFINES EDGE VALUES
POIN = ADDI 8 0. 0. 1. / REDEFINES CORNER VALUES

POINTS = ALL-CONTROL-POINTS

Record N16f or Record N16g (not both) can be used to specify numerical
values of tangent vectors for each location specified by record Nl6e.

Record N16f. Tangent Vectors Numerical Values

This record specifies numerical values of the three components of the
tangent vectors defined by records N16b and N16d.

< {{values}} >

The type of control point location (record Nl16e) affects the indexing of the
array of values. This indexing of both the control points and the
corresponding arrays is described in figure 7.10.

The numerical values (three components for each control point) can be input in
three general formats. Only one format can be used for each numerical values
record. Alternate formats can be used if the control point locations record
Nl6e is repeated. If several values are assigned to one point, the final
value is that assigned by the latest record, that is, a later record
supercedes an earlier record.

1. Global Value. A single set of three numerical values is input. The
program applies that set of values to all indicated control points.

2. Consecutive Ordering. The numerical values are specified for each
indicated control point in order: all points on the first column in order
of the rows, followed by all points on the second column in order of the
rows, and so forth. Restriction: the entire array must be input, that
is, numerical values must be input for all indicated (by record Nl6e)
control points.

Format:  tvx(1,1), tvy(1,1), tvz(1,1),
tvx(2,1), tvy(2,1), tvz(2,1), ...

3. Indexed Input. The indices and the corresponding values of the three
vector components are specified together. The possible formats and
examples (for a scalar quantity) are given in table 7.6. Restriction:
this format cannot be used if the control point location type (record
Nl6e) is ALL.
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Restrictions: A1l three components of the tangent vectors are input, although
this is redundant due to the tangency condition. The vectors are rotated by
the program onto the panel thereby preserving the length or magnitude. If any
vector input in record N16f is not within 60° of a subpanel plane, the program
gives an error. The three components must not be separated; they either must
be on the same card or record continuation must be indicated by a pius (+) as
the last character on a card.

Record Default: Tangent vectors are not specified by this method.

Record N16g. Tangent Vectors Standard Numerical Values

This record is used if the tangent vectors have a standard form.

<Method>

COMPRESSIBILITY-DIRECTION

MID-POINT = {originating-edge—number}

- 1 (from edge 1 to edge 3)
7 (from edge 2 to edge 4)
T (from edge 3 to edge 1)
¥ (from edge 4 to edge 2)

For either option, a tangent vector of unit length is defined at all control
points specified by record Nl16e. For the COMPRESSIBILITY-DIRECTION

option the vectors are in the direction of the projection of the
compressibility vector onto the panel. For the MID-POINT option the vectors
are parallel to a line connecting the mid-points of the indicated edges. The
indexing of panel edges is the same as that for network edges.

Record Default: Tangent vectors are not specified by this method.

Example: Tangent vectors for class 3, subclass 1 (figure 7.6) boundary
conditions for one solution. For all control points the (unit) vectors are
the projection of the compressibility direction into the panel.

TANGENT VECTORS FOR DESIGN
TERM = TU1, TT1

POINTS = ALL
COMPRESSIBILITY-DIRECTION

Example: Tangent vectors for class 3, subclass 6 (figure 7.6) boundary
conditions. For all solutions and all control points the vectors are equal,
have unit magnitude and are in the direction of the x, axis.

TANGENT VECTORS

TERM = TUl, TT1, TL2, TT2
POINTS = ALL

1., 0., 0.
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Record Set N17. Specified Flow Record Set

This record set defines specified flows which are the scalar quantities
(g terms) on the right-hand side of the general boundary condition equation,
figure 7.9. Omit this record set for class 1 boundary conditions. There can
be two specified flow terms, one for each of the two boundary condition
equations, at a control point. The specified flow terms are required for
class 2 and 3 boundary conditions and may be required for class 4 and 5
boundary conditions. The specified flow terms are zero for all solutions and
all control points, if record set N17 is not used.

Specified flow values are usually applied at control points. (These are
recessed from the fine grid points, see section 6 of the Theory Document.)
Exceptions occur when the left-hand side of an equation specifies source, doub-
let or the gradient of doublet strength. Here the values are applied at the
corresponding fine grid points. This distinction can be ignored in most cases.

Ordering: The records within the record set must appear in the specified
order. Record N17a, which jdentifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N17b to
N17f can be repeated, each time specifying values in one boundary condition
equation. The subset of records N17c to N17f can be repeated, each time
specifying values for different input/image part(s) of the total configuration.
The subset of records N17d to N17f can be repeated, each time specifying

values for one set of solutions. The subset of records N17e and N17f can be
repeated, each time specifying values at one type of control point location.

Record N17a. Specified Flow Identifier

This record identifies the specified flow record set.

<SPECIFIED FLOW>

Record Default: A1l specified flow terms in the boundary condition equations
are zero for the network. Omit all records in the record set.

Record N17b. Specified Flow Term

This record identifies the boundary condition equation (that is, the first
or the second equation) for which specified flow values are defined in the
subsequent numerical values. This and the subsequent records can be repeated
to specify numerical values for the other boundary condition equation.
Specified flow = 0. for an unspecified equation number.

TERM = {equation-number}
equation-number = 1 or 2
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Record N17c. Specified Flow Symmetries

This record allows the user to define, either in combination or
separately, the specified flows on the input network and/or its images. This
and the subsequent records can be repeated, each time specifying values in
another input or image region(s).

<INPUT-IMAGES = {{Image(s)}} »

INPUT

IST

2ND

3RD
The meanings of the Image(s) terms are defined in figure 7.11. The meanings
depend upon whether there are one to two planes of configuration symmetry
defined in record G4.

Record Default: The defaults depend upon the flow symmetry specified in
record G4. If no flow symmetry was specified, the record default is the INPUT
option. If flow symmetry (or the ground effect option) was specified, then
the record default is the INPUT option plus all images in plane(s) of flow
symmetry.

Restriction: The specified image options must be consistent with any flow
symmetry (or ground effect option) specified in record G4. PAN AIR does not
check for consistency. The specified flow for a network in a plane of
symmetry (record N5) must be that for a single network. It has no image in
that plane of symmetry.

Record N17d. Specified Flow Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values for the specified flow. This and the subsequent records can
be repeated, each time specifying values for one set of solutions.

<SOLUTIONS = {{solution-id(I)}} >

solution-id = either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: A7l available solution<
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Record N17e. Specified Flow Control Point Locations

This record allows the user to specify different numerical values of the
specified flow at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS = { Location }
ALL-CONTROL-POINTS
TENTER-CONTROL-POINTS
EDGE-CONTROL-POINTS
ADDITIONAL-CONTROL-POINTS

Restrictions: Values must be specified at all control points. The program
does not assign a default value to the control points after the TERM has been
specified by record N17b. The user should establish a default by using the
“POINTS=ALL" option, see examples below.

Note: ADDITIONAL-CONTROL-POINTS are network corner control points only.
Additional control points due to partial edge abutments receive values from
the corresponding corner control point of the abutting network.

Examples:

POIN = $ -.2 / ESTABLISHES DEFAULT
POIN = EDGE § -.1 / REDEFINES EDGE VALUES
POIN = 3 .0 / REDEFINES CORNER VALUES

Record N17f, Specified Flow Numerical Values

This record specifies the numerical values of the specified flows as
defined by records N17b to Nl17e.

{{value(s)}}

The type of control point location (record N17e) affects the indexing of the
array of values. The indexing of both the control points and the
corresponding arrays is described in figure 7.10.

The numerical values can be input in three general formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the control point locations record N17e is repeated. If several values are
assigned to one point, the final value is that assigned by the latest record,
that is, a later record supercedes an earlier record.
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1. Global Value. A single numerical value is input. The program applies
that value to all indicated control points.

2. Consecutive Ordering. The numerical values are specified for each
indicated control point in order: all points on the first column in order
of the rows, followed by all points on the second column in order of the
rows, and so forth. Restriction: the entire array must be input, that
is, numerical values must be input for all indicated control points.

3. Indexed Input. The indices and the corresponding values are specified
together. The possible formats and some examples are given in table 7.6.
Restriction: this format cannot be used if the control point location
type (record N17e) is ALL.

Example: Specified flows for class 2, subclass 5 (figure 7.5) boundary
condition equations with two solutions and for a configuration with one plane
of configuration symmetry, with asymmetric flow (record G4). For both

solutions 8¢ = -.05 for both input and image, and for all control points. For
solution 1, By = +.01 for both-input and image, and for all control points.
For solution 2, By = +.01 for input, 8, = _.01 for image, and for all control
points.

SPECIFIED FLOW
TERM=1
INPUT-IMAGES=INPUT, 1ST
POINTS = ALL $§ -.05
TERM=2
INPUT-IMAGES=INPUT, 1ST
SOLUTIONS=1
POINTS=ALL 3 +.01
INPUT-IMAGES=INPUT
SOLUTIONS=2
POINTS=ALL § +.01
INPUT-IMAGES=1ST
SOLUTIONS=2
POINTS=ALL § -.01
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Record Set N18. Local Onset Flow Record Set

This record set defines the local onset flow which appears in the
right-hand side of the boundary condition equations and (optionally) in the
computation of flow quantities_such as the pressure coefficient and local Mach
number. The total onset flow U is

Uo =U, Urot * U10c

The um’form‘ﬁao and rotational Urot onset flows are defined for the entire

configuration by record G6. The local onset flow is defined on a network by
network basis. Since the local onset flow appears on the right-hand side of
the boundary condition equations, it must be specified for each solution.

Ordering: The records within the record set must appear in the specified
order. Record N18a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N18c to
N18f can be repeated, each time specifying values for different input/image
part(s) of the total configuration. The subset of records N18d to N18f can be
repeated, each time specifying values for one set of solutions. The subset of
records N18e and N18f can be repeated, each time specifying values at one type
of control point location.

Restriction: The local onset flow is erroneously omitted from the boundary
condition equation for class 1 (only). The program will accept the inputs but
will not include them in the problem. For a work-around, use class 2 boundary
conditions with zero specified flow (e.g., do not include record set N17).

Record N18a. Local Onset Flow Identifier

This record identifies the local onset flow record set.
<LOCAL ONSET FLOW>

Record Default: All local onset flow terms are zero for the network. Omit
all records in the record set.
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Record N18b. Local Onset Flow Term

This record identifies one of two possible ways of specifying the
numerical values of the local onset flow. A1l values must be specified in the
same way for the network.

TERM = { Term}
ALPHA-BETA-MAGNITUDE
VXYZ

In the first option the three input numerical values are the angle of attack,
angle of sideslip, and magnitude of the local onset flow velocity. (The
angles are specified in the same manner as those defining the uniform onset
flow velocity, that is, a rotation of -a followed by a rotation of -g, see
figure 7.2 and section B.2.1. The angles are specified in degrees.) In the
second option the three input numerical values are the three components of the
local onset flow velocity (in the reference coordinate system).

Restriction: The ALPHA-BETA-MAGNITUDE option is not recognized by the program.

Record N18c. Local Onset Flow Symmetries

This record allows the user to specify, either in combination or
separately, the local onset flows on the input network and/or its images.
This and the subsequent records can be repeated, each time specifying values
in another input or image region(s).

<INPUT-IMAGES = {{ Image(s)}} >
— INPUT
IST

2N
3RD

The meanings of the Image(s) terms are defined in figure 7.11. The meanings
depend upon whether there are one or two planes of configuration symmetry
defined in records G4.

Record Default: The defaults depend upon the flow symmetry specified in
record G4. If no flow symmetry was specified, the record default is the INPUT
option. If flow symmetry (or the ground effect option) was specified, then
the record default is the INPUT option plus all images in plane(s) of flow

symmetry.

Restriction: The specified image options must be consistent with any flow
symmetry (or ground effect option) specified in record G4. PAN AIR does not
check for consistency. The local onset flow for a network in a plane of
symmetry (record N5) must be that for a single network. It has no image in
that plane of symmetry.
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Records N18d. Local Onset Flow Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values for the Jocal onset flow. This and the subsequent records
can be repeated, each time specifying values for one set of solutions.

<SOLUTIONS = {{so]ution-id(l)}} >

solution-id = either the alphanumeric name (S1D, record G6) or the
ordering index which jdentifies the solution

Record Default: A1l available solutions

Record N18e. Local Onset Flow Control Point Locations

This record allows the user to specify different numerical values of the
local onset flow at different types of control point locations. This and the
subsequent record can be repeated, each time specifying numerical values at
one type of control point Tocation.

POINTS = {Location}

- ALL -CONTROL-POINTS
TENTER-CONTROL-POINTS
E_PEE_-CONTROL-POINTS
ADDITIONAL -CONTROL-POINTS

Restrictions: Values must be specified at all control points. The program
does not assign a default value to the control points after the TERM has been
specified b record N18b. The user should establish a default by using the
"pOINTS=ALL" option, see example below.

ADDITIONAL-CONTROL-POINTS are network corner control points only. Additional
control points due to partial edge abutments receive values from the

corresponding corner control point of the abutting network.

Example:
POIN = ALL g -0.5 / ESTABLISHES DEFAULT VALUE
POIN = EDGE 8 -0.4 / REDEFINES EDGE VALUES
POIN = ADDI 3 O. / REDEFINES CORNER VALUES
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Record N18f. Local Onset Flow Numerical Values

This record specifies the numerical values of the local onset flow. A set
of three values is specified for each control point. The meaning of the three
values was specified in record N18b.

{{valuesy

The type of control point location (record N18e) affects the indexing of the
array of values. The indexing of both the control points and the
corresponding arrays is described in figure 7.10 (record Nl5e).

The numerical values (three for each control point) can be input in three
general formats. Only one format can be used for each numerical values
record. Alternate formats can be used if the control point locations record
N18e is repeated. If several values are assigned to one point, the final
value is that assigned by the latest record, that is, a later record
supercedes an earlier record.

1. Global value. A single set of three numerical values is input. The
Program applies that set of values to all indicated contro] points.

2. Consecutive Ordering. The numerical values are specified for each
indicated control point in order: all points on the first column in order
of the rows, followed by all points on the second column in order of the
rows, and so forth. Restriction: the entire array must be input, that
is, numerical values must be input for all indicated control points.

3. Indexed Input. The indices and the corresponding values are specified
together. The possible formats and examples (for a scalar quantity) are
given in table 7.6. Restriction: this format cannot be used if the
control point location type (record N18e) is ALL.

Restrictions: The set of three values must not be separated. They either
must be on the same card or record continuation must be indicated by a plus
(+) as the last character on a card.

Example: Local onset flow a = 8 = 0 for both jnput and image (one plane of
symmetry), and for all contro] points, where ’Uloc’ = 1. for solution 1 and

’U}ocl = 2. for solution 2.

LOCAL ONSET FLOW
TERM = ALPHA
INPUT-IMAGES = INPUT, 1ST
SOLUTIONS =1
POINTS = ALL $ 0.,0.,1.
SOLUTIONS = 2
POINTS = ALL $ 0.,0.,2.
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7.5 Geometric Edge Matching Data Group

This data group allows the user to define abutments between two or more
network edges. For network edges defined in an abutment, the default boundary
condition is doublet strength matching between the abuting edges.

Abutments of network edges can be defined in either of two ways. First,
PAN AIR has an automatic abutment procedure. Abutments are identified by the
closeness of the network edges, using the geometric edge matching tolerance
distance (record G7). The procedure is described in section B.3.5, also in
appendix F of the Theory Document. The automatic procedure can be globally
suppressed as described under record G7. Second, the user can specify
abutments by using the present data group. In case of conflict, a
user-specified abutment supercedes an automatically defined abutment. Also,
the program can insert "gap-filling" panels only in user-specified abutments
(see section B.3.5). The behavior of the automatic abutment search, the
Tolerance for Geometric Edge Matching (record G7), and user-specified
abutments (record set GE) is illustrated in figure 7.12.

Ordering: Record GE1l, which identifes the data group, must appear first. The
subgroup of records GE2 to GE4 can be repeated, each time specifying one
abutment. For each subgroup, record GE2 must appear first.

Record GE1. Geometric Edge Matching Data Group Identifier
This record identifies the data group.
<BEGIN GEOMETRIC EDGE MATCHING DATA>

Record Default: No user-specified network edge abutments. Omit all records
in the data group.
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Records GE2 to GE4 specify an abutment of network edges. The records are
repeated for each abutment set. The data for each set are independent.

Record GE2. Abutment Definition

This record specifies the networks and the whole or partial edges which
form the abutment. The doublet strength matching boundary condition will be
applied to those edges. This record must appear first in any abutment set.

<ABUTMENT {{ = network-id(I), edge number(I) (end-point-pair(I)

ENTIRE-EDGE H
The combination of "network-id, edge-number, end-point-pair or ENTIRE-EDGE" is
repeated for each network edge in the abutment. Each network-id must be
preceded by an equal sign.

network-id = either the alphanumeric name (record N2a) or the
ordering index, which identify the network, see
discussion on record N2a.

edge-number = integer index (figure 7.3) of the network edge in the
abutment.
end-point-pair = indices of the two panel corner points of the network

edge segment which is to be in the abutment. (The
points are ordered consecutively in the direction of
increasing edge numbers, with the corner point having
index 1.) The two points can be specified in either
order,

The final parameter specifies whether an edge segment or the entire edge is
included in the abutment. For the first network in the abutment the default
is ENTIRE-EDGE. For subsequent networks the default results in the
end-point-pair being selected to match the segment (or entire edge) specified
for the first network.

Restrictions: A maximum of 5 edges, including edges in planes of symmetry,
can be specified in one abutment. A single edge can be specified if it abuts
its reflection(s) in plane(s) of symmetry. Note that the plane(s) of symmetry

must be identified in record GE3. All data must be a single card; record
continuation is indicated by a plus (+) as the last character on a card.

Example, see figure 7.13:

ABUTMENT = N1, 3, 1, 4 +
= N3,1,ENTIRE-EDGE
ABUTMENT = N1, 3, 4, 6 = A2, 1, 2, 5
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Record GE3. Abutment in Planes of Symmetry

This record specifies whether an abutment occurs in one or two planes of
configuration symmetry, defined by record G4.
<PLANE OF SYMMETRY = {Plane}>
FIRST-PLANE-OF -SYMMETRY

SECOND-PLANE-OF - SYMMETRY
BOTH-PLANES-OF -SYMMETRY

Record Default: The abutment is not in plane(s) of symmetry.
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Record GE4. Smooth Edge Treatment Option

This record specifies smooth edge treatment (doublet strength matching by
the spline functions) instead of the standard edge treatment (doublet strength
matching by boundary condition). The advantage of this option is a reduction
in the size of the AIC matrix. This option is restricted to abutments with
only two edges. If the abutment contains more than two edges, the program
will override the request for smooth edge treatment and will impose doublet
strength matching through the boundary conditions (the standard method). Any
attempt to enforce smooth edge treatment in a plane of symmetry is ignored by
the program. This option is also restricted to networks (1) with singularity
types (record N11) of doublet-analysis (DA) and either null-source (NOS) or
source analysis (SA), (2) larger than 2 panels by 2 panels, (3) with the same
method of velocity computation (record N10) selected and (4) which are either
both non-updateable or both updateable.

~——

<SMOOTH EDGE TREATMENT>

Record Default: Standard edge treatment
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A. For Automatic Abutment Search (Geometric Edge Matching Data
Group, record set GE, not used:

1. 8 > TOL = A and C are two separate abutments and

B is an empty space abutment (doublet
strength set to zero)

2. 8 < TOL> A, B, and C form a single abutment

No gap-filling panels are attempted in either case.

B. For a user-specified abutment along the entire edge of
Network 1 and Network 2:

1. 8 > TOL > gap-filling panels in region B

2. 5 < TOL > no gap-filling panels attempted,
but doublet strength is still
matched across region B

A, B, and C form a single abutment in both cases.

Figure 7.12 - Example of automatic and specified abutments
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Figure 7.13 - Example of two user-specified abutments (record GE2)
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7.6 Flow Properties Data Group

This data group specifies post-solution calculations, that is, those
which occur after the singularity strengths have been determined from the
solution of the composite boundary condition equation (A.3.5). The data group
consists of three independent subgroups corresponding to the three program
modules which calculate flow properties: surface flow properties subgroup
(PDP module), field flow properties subgroup (FDP module), and forces and
moments subgroup (CDP module).

Independent calculation "cases" are specified in each subgroup. These
are identified by alphanumeric case-id names. For each data subgroup, the
program assigns a consecutive ordering index to each case. Subsequently, each
case can be identified by its data subgroup and either by its (non-blank)
case-id name or by its ordering index. A maximum of 100 cases is allowed for
each subgroup.

The flow properties calculations can be specified in all types of
update runs, which are described in section 7.2.3. In an update run, the user
may or may not want to retain the flow properties calculations cases specified
in a previous run. Two options are available for this in record FP1.

Each subgroup repeats some options and data for which default values
were defined in the global data group (records G8 to G14), see table 7.3.
This allows the definition of different options and data for each case in each
subgroup. Upon completion of a case, the program returns to the original
default values.

Ordering: The first record in the flow properties data group must be the

group identifier, record FP1. This is followed by any oF all of the three
subgroups. They may appear in any order.
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Record FP1. Flow Properties Data Group Identifier

This record identifies the data group and must be the first record in the
data group. An update option is specified which instructs the DIP module on
how to treat any instructions for flow properties calculations which exist on
the DIP data base.

<BEGIN FLOW PROPERTIES DATA = <Update-optiony>

NEW
REPLACE
UPDATE
Parameter Default: NEW
NEW: Either an originating run or an update run with no post-solution

cases from a previous run.

REPLACE: Existing data for post-solution cases are eliminated. New cases
are defined.

UPDATE:  Existing data for post-solution cases (identified by their
case-id names or ordering indices) are retained, but can be
selectively updated. New cases can be added.

Record Default: No flow properties calculations. Omit all records in data
group.

Examples:
BEGIN FLOW PROPERTIES DATA = REPLACE
BEGI FLOW = UPDA
BEGI FLOW
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7.6.1 Surface Flow Properties Data Subgroup

This data subgroup specifies cases of calculation of flow properties at
points on a user-specified configuration, which can be composed of any
combination of wake and non-wake networks. The user also selects from the set
of solutions (record G6) for each case of surface flow properties
calculations. Multiple, independent surface flow properties cases can be
specified. For each case the first record must be the subgroup identifier,
record SF1. The other records can appear in any order.

Record SF1. Surface Flow Properties Data Subgroup Identifier
This record identifies the data subgroup and the optional case-id name.

<SURFACE FLOW PROPERTIES = <case-id>>

The “case-id" is an alphanumeric name (maximum of 20 characters, without
imbedded blanks) which is used for identification in the output and in
subsequent data processing. The case-id name must be unique in the first 16
characters {or blank) within the data subgroup. Only up to 16 characters will
ever be used.

Record Default: No surface flow properties calculations. Omit all records in
data subgroup.

Examples:
SURFACE FLOW PROPERTIES = CASE-1
SURF FLOW = OUTBOARD-WING-CASE3
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Record SF2. Networks and Images Selection

This record specifies the configuration on which flow properties are to be
calculated. The configuration can be formed from any combination of the
previously defined networks and their images. An option for an orientation
change is included.

(NETWORKS-IMAGES = {{network-id(I) <Images(1)> <Orientation(I)> }} >
T INPUT RETAIN

ST REVERSE

ZND

3RD

Parameter Defaults: INPUT and RETAIN

The combination of "network-id, Images, Orientation" is repeated for each
network. Each network-id must be preceded by an equal sign.

network-id = either the alphanumeric name (record N2a) or the ordering
index which identify the network, see discussion on record
N2a.

Images = The possible options depend on the number of planes of symmetry.
More than one option can be selected. The options are identified
in figure 7.11. A network in a plane of symmetry has no image in
that plane of symmetry. Any request for such an image is ignored
by the program.

Orientation = The REVERSE option reverses the direction of the panel
normal vectors, and thus reverses the definition of the
network upper and lower surfaces (for the
present case of surface flow properties ca]cg]ations). It
does not, however, reverse the direction of n for the purpose
of specifying boundary conditions.

Record Default: The record default is the input image only of non-wake
networks only. The other distinct images and tagged wake networks (record N6)
must be requested. (A1l distinct images: input network and all image
network(s) across geometric plane(s) of symmetry for which the asymmetric-flow
option was specified in record G4.)

Restrictions: Wake network(s) can be specified only if the wake flow
properties were tagged (record N6) for the network(s). A1l data must be on a
single record; record continuation is indicated by a plus (+) as the last
character on a card.

Examples:

NETWORK-IMAGES = WING-A, INPUT, 1ST +
WING-B, REVERSE +
WING-C, 1ST

NETW = BODY-1 = BODY-2 = BODY-3
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Record SF3. Solutions List
This record identifies the solutions for which surface flow properties are
to be calculated.

SOLUTIONS = {{solution-id(1)}} >

either the alphanumeric name (SID, record G6) or
ordering index which indentifies the solution.

solution-id = the

Record Default: A1l available solutions
Examples:
SOLUTIONS = 1,3,5
SOy =2 4
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Record Set SF4. Calculation Point Locations Record Set

This record set is used to specify the points at which flow properties
calculations are to be made. The two records must be in the indicated order.

Record SF4a. Point Types

In this record the user specifies the types of points at which the
calculations are to be made, including arbitrary user-specified points.

<POINTS = {{Location(s)}} >
GRID-POINTS
ALL-CONTROL-POINTS
TENTER-CONTROL-POINTS
EDGE-CONTROL-POINTS
ADDITIONAL-CONTROL-POINTS
ARBTTRARY-POINTS

GRID points are the network enriched grid (panel corner points, center points
and edge mid-points). GRID points only are output in the unique format shown
below. ALL control points consist of CENTER, EDGE and ADDITIONAL control
points. ADDITIONAL control points are network corner control points and any
edge control points added by the program as a result of network abutments, see -
section B.3.4. ARBITRARY points are specified by the user; this option is an
instruction to read the next record.

Record Default: CENTER-CONTROL-POINTS only

Note: If the PDP module must calculate flow properties for any ARBITRARY
points, it must calculate flow properties for all GRID points. If
ARBITRARY-POINTS are requested, then the GRID point data must be stored by the
user in the PDP data base (record set SF1l). Only properties that are stored
in the data base (record SFlla) can be correctly calculated and printed for
ARBITRARY-POINTS (record SF10a). Requested but unstored properties will be
output as zeros. The GRID points results are written on the PDP data base,
independent of the selections in record SF11A. The GRID points results are
printed only if the GRID option is selected above (and appropriate options
selected in record SF10A).

Examples:
POINTS = ALL-CONTROL-POINTS
POIN = GRID CENT ARBI

* Fine grid column index

Yo 920 25 )
4¢7 8 17 »18 24
3 5 R 15 W6 23 LPDP output sequence
2¢3 4 13 el4 22
M
1 1 2 11 12 21
1 2 3 4 5 —— Fine grid row index
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Record SF4b. Arbitrary Points

Omit this record if the ARBITRARY-POINTS option was not specified in the
previous record. This record specifies the locations (panel, network, and
coordinates) of the user-specified points.

< {{panel-row, panel-column, network-id, {{x(I), y(I), zZ()}} s

panel-row = row index of the panel containing the point(s)

panel-column = column index of the panel containing the point(s)

network-id = either the alphanumeric name (record N2a) or the ordering
index which identify the network (see discussion on record
N2a) containing the point(s)

x(I), y(I), 2(I) = coordinates of the arbitrary point(s)

This record can be repeated for each panel. The network must be one of those
specified in record SF2. The panel row and column indexing scheme is shown in
figures 3.2 and B.3. The point coordinates are in the reference coordinate
system. The coordinates are given for the INPUT network, even if that option
is not selected in record SF2. The PDP module will project the specified
point onto the indicated panel parallel to the panel normal. ARBITRARY-POINTS
that do not project onto the indicated panel are inappropriately calculated by
extrapolation. The program does not output a warning in this case. Extra
care_should be taken to insure that ARBITRARY-POINTS do project on to the
panel indicated.

Record Default: No user-specified arbitrary points.

Restrictions: Each record (which starts with the “panel-row") must be a
single record; record continuation is indicated by a plus (+) as the last
character on a card. A maximum of 4 points can be specified on a record; to
specify more than 4 points on a panel, use new. record(s).

Example:
POINTS = CENTER, ARBITRARY

1,1, WING-A, 1.2 2.5 0., 1.3 2.5 0., +

1.4 2.5 0.

2, 1, WING-A,

1.5 2.5 0.
1, 2, WING-B, 2.1 7.5 O,
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Records SF5 to SF9 are repetitions of records in the Global Data Group.
The gTobal values defined there can be changed for each case in the Surface
Flow Properties Data Subgroup. Records SF5 to SF9 allow selection of several
options for the calculation of flow velocities and pressure coefficients. The
i11 be made for all combinations of the selected options. Care

calculations wi
should be used in selecting the number of options, since the use of all
options can result in a large amount of output.

Record SF5 (and record G8). Surface Selection Options

These options specify the network surfaces or surface combinations for
which flow properties are to be calculated. See discussion on record G8.
Note that the network upper and lower surfaces are originally defined by the
input network geometry (record N2b). However if the REVERSE option (record
SF2) is used for a network, then the selection of options in the present
record must be based on the reversed surface definition. Several options can
be selected, resulting in muTtipTe calculations.

Any network in a plane of symmetry (as defined in record N5 and section
B.2.3) has an UPPER and LOWER surface but no image in the plane of symmetry.

<SURFACE SELECTION = Surface(s) >
UPPER
LOWER
UPLO (upper minus lower)
[OUP (lower minus upper)
AVERAGE

Record Default: Option(s) selected in Global Data Group
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Record SF6 (and record G9). Selection of Velocity Computation Method

This record selects the velocity computation method(s). See section B.4.1
and see discussion on record G9. Both options can be selected, resulting in
multiple calculations.

<SELECTION OF VELOCITY COMPUTATION = {{Method(s)}} >
— BOUNDARY-CONDITION
VIC-LAMBDA

Restrictions: The VIC-LAMBDA method can be used only if the velocity
influence coefficient matrix was stored for every network specified in record
SF2, either by record N3 for non-wake networks or by record Né for wake
networks. (Alternately, use of record Gl5 is equivalent to use of record N3
for every nonwake network.) The BOUNDARY-CONDITION method can only be used
for networks with STAGNATION boundary conditions (record N10). Similarly,
only the VIC-LAMBDA method is used for networks with NONSTAGNATION boundary
conditions (for which the velocity influence coefficient matrix is
automatically stored by the program). Selection of both methods for networks
with NONSTAGNATION boundary conditions is allowed, however, the resulting two
sets of data will be identical.

Record Default: Option(s) selected in Global Data Group; VIC-LAMBDA method
for)networks with NONSTAGNATION boundary conditions (record
N10

7-133 PRECEDING PAGE BLANK NOT FILMED






Record SF7 (and record G10). Computation Option for Pressures

This record selects a preferred direction, which is required by several
relations used to compute pressure coefficients and local Mach numbers. See
section B.4.2 and see discussion on record G10. The option does not change
the velo